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IV

INTRODUCTION

This manual contains detailed descriptions of biological, chemical and physical sampling and analytical procedures used at the Lake
Mead Limnological Research Center.

The manual was prepared in response

to requests made by numerous i n d i v i d u a l s involved in the Las Vegas
Valley Water Quality Program.

This manual represents what we consider

to be a reasonably complete compilation of methods useful in studying
both general and specific limnological questions. W h i l e each section
is sufficiently detailed to be of use to investigators with l i t t l e
experience in limnological methodology, the methods can be used on a
wide variety of lakes and reservoirs, with relatively l i t t l e modification.

SECTION I.

BIOLOGICAL METHODS

Procedures for Collection, Measurement of Growth Rate (Dry Weight and
/

Free Weight), Chlorophyl 1 -_a_ Content, Species Diversity, Nitrogenase

Activity, Productivity and Alkaline Phosphatase Activity of Periphyton
I.

Collection of Samples
A. Materials
1.

A r t i f i c i a l substrates, in situ incubation apparatus (see
B., below)

B.

2.

Ice chest

3.

Atomizer

Procedure

Rectangular pieces of fiberglass (5 cm x 15 cm) used as substrates for the collection of periphyton are supported vertically by polyvinylchloride tubing, as shown in Fig. I.

Each

sample unit consists of two rectangles riveted onto opposite
sides of the PVC tube.

The units are then placed onto

pieces of PVC tubing of smaller diameter attached to the
holding racks.

The holding apparatus for limnetic stations

consists of PVC pipes, arranged in a double-T configuration,
and is suspended by lines from a buoy at the desired depth
(Fig. 1A). The holding apparatus for littoral stations consists of a cement slab which is placed on the surface of the
sediment (Fig. IB).

After an approximate incubation period

of two weeks, the substrate units are collected by SCUBA and
returned to the laboratory in an ice chest; samples are prevented from desiccation by frequent misting with an atomizer
containing lake water.

Buoy 1 i ne

Polyvinylchloride
tubing
Fiberglass
Substrates

Fig. JA

Fiberglass
Substrates
(Scmxl5cm)
PolyvfnyIchloride tubing
Cement

Fig. IB

Figure

1.

In s i t u incubation apparatus for s a m p l i n g
periphyton growth in the l i m n e t i c (IA) and
l i t t o r a l (IB) zones of reservoirs.
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Chlorophy]1-a_ Measurements
A. Materials
1.

Glass microscope slides

2.

Rubber policeman

3. GF/C, glass fiber filters, 25 mm diameter
k.

M i l l i p o r e ^ filtration apparatus, capable of holding 25 mm
diameter filters

5.

Centrifuge tubes with caps (10 ml capacity)

6. Centrifuge
7. Methanol, reagent grade, absolute
8.

0.1 N HC1

9. Autopipet capable of delivering 105 ul volume

(e.g.

Pipetman R )
B.

Procedure
1.

As soon as possible after collection, 25 cm

2

areas are

measured on replicate substrate units for each station
and the periphyton within each area is scraped with the
edge of a glass slide and a rubber policeman. The samples are then transferred to GF/C glass fiber filters
and excess water removed by filtration.

The filters

are then transferred to capped centrifuge tubes and
stored frozen u n t i l analysis, usually conducted w i t h i n
2k hours.
2.

At the time of analysis, the samples are brought to room
temperature in the dark.
added to each tube.

A 10-ml volume of methanol is

The tubes are placed in complete

darkness for

1 hour at room temperature to extract

chlorophyll (Holm-Hansen and Riemann 1978).
are then centrifuged for
transferred to

the

Samples

10 minutes and 3 - 2 ml a l i q u o t s

1 cm cuvettes.

Absorbances at

750 nm and

665 nm are then read against a methanol blank (used to
zero the machine) on a Coleman 55 Spectrophotometer
before and after a c i d i f i c a t i o n w i t h 105 yl of 0.1 N H C 1 .

c.

Chlorophyl1-a_ and phaeophytin-^ concentrations are calculated
using T e t t ' s (1975, 1977) formulas:
Chl-a ( m g - m - 2 - d a - ] ) = -§_[ (E U -E A ) - J G E A ( H - l ) ] JU t
—

I -bJ

Phaeo-a

V

'1 ) = JL_(HEA-EU) x £ * t
1-GJ
V

where G

= 0.029 cnrmg-ml -1

J

5-9 ml•cm • mg~'

H

= 2.0

EU

.
absorbance at 665 nm before acidification
corrected for background absorbance at 750 nm

EA = absorbance at 665 nm after acidification
corrected for background absorbance at 750 nfl

Note:

v

= extraction volume (ml)

V

= subsample area (rrr)

t

= incubation time in days

G, J, and H are constants determined by Robert C. Furtek,
U.S.E.P.A., EMSL-LV, Las Vegas, NV, using methods in
Tett (1975).
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Growth Rate Measurements:

-9

Dry and Ash Free Weights (mg-irf ^-da

~1

)

A. Materials
1.

Glass microscope slides

2.

Rubber policeman

3-

Aluminum weighing dishes

4. Muffle furnace (Thermolyne and Thermolyne Furnatrol I)

B.

5.

Drying oven

6.

Analytical balance capable of weighing to nearest 0.1 mg

Procedure

2
2
As soon as possible after collection, a 25 cm or 50 cm area
is scraped from replicate substrate units for each station
with a glass slide and a rubber policeman. Subsamples are
rinsed into aluminum pans which have been precombusted at
550°C for 1 hour and pre-weighed.

The subsamples are dried

for 2k hours to a constant weight at 105°C in a drying oven
and weighed to the nearest 0.1 mg.

They are then ashed for

1 hour at 550°C in a muffle furnace (Vollenweider 1969,
p. 36). The ashed sample is then rewetted with d i s t i l l e d
water to reintroduce the waters of hydration, and again
dried to constant weight at 105°C, and weighed to the nearest
0.1 mg (APHA 1975, p. 1048).
C.

Calculations:
_o

Dry weight (mg'm

_i

'da

)=

total wt. after drying (mg) - tare wt. (mg)
subsample area (m^)•incubation time (da)

Ash free dry weight (mg'm

_2

-da

_]

) =

total wt. after drying (mg) - wt . after ashing (mg)
o

subsample area (m )• incubation time (da)
IV.

Species fdent if teat ions
A.

Materials
1.

Polyethylene

bottles

2.

Acid-Lugols solution - prepared by dissolving 10 g iodine
crystals and 20 g potassium iodide in 200 ml d i s t i l leddeionized water.

Add 20 ml glacial acetic acid a few

days prior to using (Vol lenweider 1969).

B.

3.

Glass microscope slides

k.

Glass coversl ips

5.

Compound microscope capable of 450X magnification

6.

Hot plate

7.

Muffle furnace (Thermolyne and Thermolyne Furnatrol I)

8.

Hyrax

mounting medium

Procedure
1.

Subsamples for species identification are scraped from
periphyton samplers, and brought up to a volume of 100 ml
with d i s t i l l e d water containing 1 ml acid-lugols solution,
and stored in polyethylene bottles in the dark.

A sub-

sample of this preparation is then pipetted onto a glass
s l i d e and observed at 450X magnification.
2.

A separate s l i d e for identification of diatom species is
prepared as follows:

several drops of the sample pre-

pared as above are placed on a coverslip and evaporated

J
to dryness on a hot plate.

The residue is then combusted

at 500°C in a muffle furnace for 0.5 to 0.75 hours and
mounted in Hyrax mounting medium on a glass slide.
Microscopic observations are made at ^50X magnification.
3.

Proportional cell counts (at least 200 cells) are made
on the wet mount.

C. Calculations
Each i n d i v i d u a l cell is measured and the volume calculated
by approximation to an appropriate geometrical shape.
mean cell volume for each species is then derived.

The

Bio-

volume (y3) is obtained by m u l t i p l y i n g the cell volume by
the cell number. The dominant five species according to
biovolume, thus determined, are ranked and recorded.
V.

Nitrogenase Activity
"he acetylene reduction assay of nitrogenase activity in periphyton
communities is s i m i l a r to that used in phytoplankton communities
(Flett et al. 1975).

Care must be taken to avoid physically dis-

rupting the structural integrity of the periphyton community since
nitrogenase activity may occur in microzones.

Therefore, slight

modifications in the procedure of the addition of acetylene gas
are incorporated to preserve the physical structure of communities.
A. Materials
1. Acetylene gas transported in football bladders
2. Various-sized (e.g. 5, 10 and 50 ml) Luer-Iok syringes
(plastic disposable, Becton-Dickinson type), with 25
gauge, 3A

in. needles
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3. Mason jars (pints) fitted with Vacutainer^ stoppers and
seals, through which gases are injected and withdrawn
4.

Formalin (10 ml added per 400 ml lake water for blank)

5.

500 ml polypropylene graduated cylinder

6.

Vacutainers , k m l , red stopper, non-sterile evacuated
tubes, Becton-Dickinson

7.

Steel plate apparatus (Fig. 2) fitted with holders for
Mason jars

B.

Procedure
1.

For each station, f i l l k Mason jars of known volume with
400 ml lake water each. Add 10 ml formalin to one jar
to use as a blank.

2.

Seal jars tightly and inject 40 ml C^^2 9as through septum.

3.

Shake vigorously for approximately one minute.

k.

Remove l i d , and carefully place substrate community (rock)

5.

into jar.

Reseal lid tightly and add 7 additional ml

^2^2 9as-

Do not shake.

The vessels are then secured to the holder plate and
returned to the site from where the sample was taken, or
to an area of comparable light intensity and temperature.

6.

Incubations are conducted for 4 hours.

7. At the end of the incubation period, the vessels are
removed from the plate, and shaken for approximately one
mi nute.
8.

From each vessel 3 ml of gas from the headspace is withdrawn.

The syringe is pumped several times into the head"

11

t

ff

-4

Rope

'/

Mason Jars

/

/ \

i

f

/

^

'f
1

F i g . 2A

XX

/

Hose clamps (spot-welded
to steel plate)

^

'

S

|/Zi" steel p l a t e

Fig. 2B

Figure 2.

In s i t u incubation apparatus for measurement
of nitrogenase a c t i v i t y in periphyton by the
acetylene reduction nethod. Fig. 2A: Side view
of incubation vessels in place w i t h apparatus
suspended from buoy.
F i g . 2B: Top view of
apparatus.

/

'/
i

12
space to assure that a pure sample of headspace is obn

tained. The sample Is then transferred to a Vacutainer^
which has been pre-labeled with date, location, and vessel
number.

Note exact time of removal of subsample and temp-

erature of water at time of subsampling.

Subsample may be

replicated, but the total gas volume removed should not
exceed 7 ml, in order to maintain positive or neutral
pressure within the vessel and avoid contamination of the
subsample with air during transfer.
9. Upon return to the laboratory, the periphyton from each
rock substrate is removed by scraping and placed into a
pre-weighed, disposable aluminum weighing dish. Dry
weights are determined as in I I I . , this section.
10. To estimate the surface area originally covered with
P
periphyton, Parafilm is then stretched over the region
of the rock from which the periphyton was removed.

The

n

Parafilm

is placed on paper, its outline traced, and its

area determined by planimetry.
C. Sample Analysis
1.

Prepare gas chromatograph (see Appendix D, page 69).

2. Run standard curve (see Appendix E, page 71).
3. Allow Vacutainer to reach atmospheric pressure by placing
syringe needle (without syringe) into septum for approximately 30 seconds.

Do not allow needle to remain in

for longer than 30 seconds, since the gases w i l l leak.
4.

To subsample Vacutainer, using a 1-ml plastic syringe,
slowly pump plunger 2-3 times, and depress to the Q.3-

13
mark before removing needle from Vacutainer.
5.

Immediately place needle into injection port of gas
chromatograph, and slowly and steadily inject sample;
ensure that Range and Output of gas chromatograph are
appropriately set for specific compound.

D.

Calculations
1.

Determine concentration of 62^ in subsample of Vacutainer

by entering peak height of sample (corrected for

background £2^^ 'nto regression line of peak height
(chart units x Range x Output) vs. amount of C2H, (nmoles)
2.

To calculate rate of ethylene production:

x (B-b) x

nmoles
nmoles

v x t
where nmoles C2Hij is determined in 1, above,
B = volume of vapor phase (ml) in incubation vessel
b = volume of rock substrate
S = volume of Vacutainer (ml)
s = volume of gas (ml) subsampled from vapor phase of
incubation vessel and transferred to Vacutainer
v = volume of gas (ml) injected into gas chromatograph
t = incubation time (h)
c* = transfer coefficient for ethylene
-Refer to Appendix F, p. Jk.

In this case B must be corrected for b,

the volume of the rock substrate.

Thus the equation for ethylene

transfer coefficient is:

X
m

I
I

1 + (oA/B-b)

3. To express the rate of C-H^ production in terms of biomass (dry weight) and surface area, the value determined
in (!.)> above, is divided by biomass (dry weight), determined in B.9. (above) and by surface area determined in
B.10. (above), respectively.
VI.

Productivity
A. Materials
1.

Jars (approximately 2 liter-capacity) fitted with screw
caps and seals; 3 clear and 3 opaque, covered w i t h black
electrical tape

2.

Steel plate apparatus (Fig. 2) f i t t e d w i t h holders for
jars

B.

3.

Thermometer

!».

Dissolved oxygen meter (e.g. Y.S.I.)

Procedure
1.

Each of six replicate bottles, three light and three
dark, is f i l l e d with lake water which is allowed to overflow.

2. The i n i t i a l temperature and dissolved oxygen concentration
of water in each jar are measured and recorded.
3.

Six rocks with periphyton are taken from the sampling site
and one placed in each jar.

k. The jars are held underwater to remove all air bubbles and
tightly sealed.
5.

The jars are inverted and secured to the steel plate apparatus and returned to the site from where they were
taken, or to an area of comparable light and temperature.
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6.

Incubations are conducted for k hours.

7. At the end of the incubation period, the jars are removed
from the plate, opened, and the final temperature and
dissolved oxygen concentration of the water are determi ned.
8.

Upon the return to the laboratory, the volume of water
contained in each incubation vessel is measured and the
periphyton from each rock substrate is removed by scraping
and placed in a pre-weighed, disposable aluminum weighing dish.

9.

Parafilm

D

is then stretched over the rock to estimate

the surface area covered with periphyton.

The Parafilm R

is then placed on paper and its outline traced.

The

area of the fidjure is then determined by planimetry.
10.

Data collected are reported with the date, location, and
time of sampling.

C. Calculations
1.

To calculate productivity per unit surface area per time:

Productivity (mg O^-

-1-

(D.0.f - D.O.j)

x V
S x t

Where D.O.f = dissolved oxygen concentration at end
of incubation period (mg-1

)

D.0.| = dissolved oxygen concentration at beginning of incubation period (mg-1

)

S = surface area (m^) of rock covered with
periphyton
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t = length of incubation period (h)
V = volume (1) of water in incubation vessel
2.

To calculate productivity per unit dry weight per unit

t ime:
D.0.f - C.O..

Productivity (mg 0 -g

'h

x V

)=
D.W. x t

where D.0.f = dissolved oxygen concentration at end
of incubation period (mg*l~')
D.O.. = dissolved oxygen concentration at
beginning of incubation period (mg-1

)

D.W. = dry weight (g) of periphyton
t = length of incubation period (h)
V = volume (l) of water in incubation vessel
VII.

Alkaline Phosphatase Activity
The assay for a l k a l i n e phosphatase activity in periphyton communities is s i m i l a r to that used in phytoplankton communities
(Perry 1972).

Samples of periphyton, 1 to 2 cnn in area are

scraped from a r t i f i c i a l substrates (see I.B., above) and suspended in 100 ml disti1led-deionized water. A 6-ml subsample is
then analyzed according to the method for phytoplankton (Perry
1972).
A.

Materials and Reagents
1.

Turner 110 or 1 1 1 Fluorometer

2. Filters
a.

Primary kJQ [Wratten gelatin f i l t e r (Kodak), cat. no.
1*9 5795]

r
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b.

Secondary 2A [Wratten gelatin filter (Kodak), cat.
no. 164 4988]
12 [Wratten gelatin f i l t e r (Kodak), cat.
no. 149 5522]
F i I t e r 4 7 B i s used alone, placed closest to lamp.
Filters 2A and 12 are used in combination and are
placed near the photomultiplier tube, #12 on the
inside, #2A on the outside.

3. Test tubes, Bausch and Lomb Spectronic 20 Colorimeter, 1/2"
4.

Pipets
i.

Automatic (capable of delivering 1.0, 2.0, and 3-0
ml), e.g. Eppendorf or Oxford

ii.

Volumetric (1-5 ml capacity)

iii.

Serological (10 ml capacity) for pipetting water
samples

5. MgCl 2 (3*)
Dissolve 3.0 g analytical reagent grade MgCK in 100 ml
disti1led-deionized water.
6.

Hydrochloric acid (concentrated)
Use only analytical reagent grade.

7. Tris buffer (1.0 M, pH 8.6)
a.

Dissolve 121.1 g TrizmaR Base in ^950 ml d i s t i l l e d de ionized water.

b. Add 10.0 ml 3% MgCl .
2
c. Add 20.0 ml concentrated HC1, slowly.
d.

Bring volume to 1000 ml with disti1led-deionized
water.
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e.

Mix well and check pH.

If it is not between 8.55 and

8.65, add HC1 or NaOH to adjust.
f.

Autoclave at 115-120°C for 15 minutes; store in refrigerator.

Substrate:

3-0-methylfluorescein phosphate (5.00 yg-ml

)

(Sigma Chemical Co.)
a.

Dissolve 12.50 mg methylfluorescein phosphate in 10 ml
cold Tris buffer (made up as in 7-, above) (concentration = 1.25 mg-ml" 1 ).

If stored, place in freezer in

dark.
b.

Dilute 1.0 ml of 1.25 mg'ml

methylfluorescein phos-

phate to 250 ml with cold Tris buffer (made up as in
7., above).
c.

Transfer to acid-cleaned screw cap test tubes.
frozen in dark.

Store

Substrate should remain frozen until

immediately before use (see Note B, p. 29).
EDTA (0.1 M)
Dissolve 9.305 g analytical reagent grade EDTA into
250 ml disti1led-deionized water.

Store in refrigerator.

10. Standards: Methylf1uorescein (Sigma Chemical Co.)
a.

Methanol , absolute, analytical reagent grade

b.

1.0 N NaOH
Dissolve AO g analytical reagent grade NaOH in 1000ml
disti1led-deionized water.
in polyethylene bottle.

Store at room temperature
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c.

Primary standard (0.50 m g - m l " ' )

Dissolve 50.00 mg methylfluorescein in 100 ml absolute, reagent grade methanol.

Store in polyethylene

or glass in dark at -5°C.
d.

Secondary standard (0.005 mg-ml

)

Prepare on day of analysis. Add 1.0 ml of the primary
standard (made up as in 10.c., above) to ^85 ml
disti1led-deionized water and 5 ml of 1.0 N NaOH in
a 100 ml volumetric flask.

Bring volume up to 100 ml,

mix wel1.
e.

Working standards

Prepare on day of analysis, from secondary standard
(0.005 mg-ml" 1 ).
For window 3X, dilute
1.0 ml of__
0.005 mg-ml"
1
a

rn

50

,-i

ng.m,

For window IX, d i l u t e
3.0 ml of 0.005 mg-ml -1
100 ml

150 ng-ml" 1

To run standard curve, make dilutions of working
standards (above) using volumetric pipets (l to
20 ml capacity) and 10 ml graduated cylinder.
Add appropriate amount of working standard
(either 50 ng-ml~' or 150 ng-ml"') (see below,
iv.), 1 ml EDTA,

and 3 ml Tris buffer to grad-

uated cylinder. Bring volume to 10 ml with

20

disti1led-deionfzed water.
Mix well and transfer to fluorometer tube.

i v.

Make dilutions as follows:
For wi ndow 3X
1 ml of 50 no-mi"'
10 ml

5 ng-ml

_i

2 ml of 50 ng.ml~V
= 10 ng-ml -1
10 ml

3 ml of 50 ng-ml
10 ml

-1

ml of 50 ng-ml
--

= 15 ng-ml -1

,-i
20 ng.ml

n

5 .1 .f 50

. „ „„.„,-!

For window IX
1 ml of 150 ng-ml" 1
1Q m]
9

,_
,.
15 ng-ml

= 30

3 ml of 150 ng'tnl
10 ml

-1

ng.ml -1

-1
k ml of 150 ng-ml"
,..
,-i
1n m.
= 60 ng^ml
10 ml
5 ml of 150 ng-ml"'
_,,.
,_i
,
= 75 ng-ml '
10n mmll ^
v.

Place tubes in dark for at least 15 minutes prior
to reading, to minimize background fluorescence.
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Procedure
1.

As soon as possible after collection, measure a 1 or 2
cnr area on one substrate unit for each station and
»
scrape the periphyton within each area with the edge of
a glass slide and a rubber policeman.

Transfer the

sample to a 100 ml volumetric flask and d i l u t e with
disti1led-deionized water.
2.

Mix the sample well to evenly suspend the periphyton,
and pipet 6 6-ml aliquots into 6 tubes.

3-

Add 2 ml Tris buffer to each tube.

k.

Add 1 ml EDTA to 3 tubes. These are the blanks.

5.

Mix samples well by placing Parafilm R over top of tube
and inverting several times.

Place all 6 tubes in the

dark in the water bath (25°C) and allow sample temperature to equilibrate for approximately 15 minutes.
6.

Successively add 1 ml of substrate to each tube, and
again mix thoroughly by inverting several times.

Read

fluorescence against d i s t i l l e d water blank and return
tube to water bath and allow reaction to proceed in the
dark.
7. Mix samples and blanks thoroughly before reading; read
fluorescence of blanks at 30 minutes and of samples at
15 and 30 minutes.
8.

Add 1 ml EDTA to sample immediately after 30-minute
reading. Mix well.

Read fluorescence.

To calculate methylfluorescein (orthophosphate) formed

22

during assay period, generate regression of concentration
of methylfluorescein (ng-ml

) vs. fluorescence units.

Enter above-determined fluorescence units after subtracting
blanks and compute methylfluorescein concentration.
vert methylfluorescein concentrations

To con-

to orthophosphate

released, the following equations are used:

me thyl f luorescein (ng-ml~') 4- 3^6.3 9'mole
= methyl fluorescei n (nmoles-ml~0
me thylfluoreseein (nmoles-ml

)

= PO/- (nmoles-ml

)

2"
= . ,
,-l\ 1 cm
10 ml j, JO
- (nmoles-ml ) -- -- •

-42
m_ ±

O

- = (nmole-m

where

-. I

'min

)

10 ml = correction for d i l u t i o n of sample
by reagents
t = incubation time in minutes
9

*lf 2 cm2 are diluted, d i v i d e by 2 cm •100 ml
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nuorometric Procedure for Assay of A l k a l i n e Phosphatase Acti vi ty
(Tentative) (After method of Perry 1972)
I.

Basis of Method
Phosphatase activity is measured by the method of Perry (197?-) as
modified by J. Shapiro (personal communication, University of
Minnesota, Minneapolis).

The increase in fluorescence is measured

as the substrate, 3-0-methyfluorescein phosphate, is enzymatically
hydrolyzed to the more fluorescent product, methylfluorescein.
Orthophosphate is concurrently released in equimolar concentration.
A standard calibration curve of fluorescence units vs. methylfluoresceIn'Vconcentration permits conversion of fluorescence units
to the amount^ methylfluorescein, and hence orthophosphate,
liberated.

Alkaline phosphatase activity is then reported as

phosphate concentration (molar) per volume (liter) per time (minute).

It.

Materials and Reagents

A.

Turner 110 or 111 Fluorometer

B.

Fluorometer fIIters
1.

Primary 47B [Wratten g e l a t i n f i l t e r (Kodak), cat. no. 149 5795]

2.

Secondary 2A [Wratten g e l a t i n f i l t e r (Kodak), cat. no. 164 4988]
12 [Wratten g e l a t i n f i l t e r (Kodak), cat. no. 149 5522]
F i l t e r 47B is used alone, placed closest to lamp.
Filters 2A and 12 are used in combination and are placed near
the p h o t o m u l t i p l i e r tube, 12 on the inside, 2A on the outside.

C.

Test tubes, Bausch and Lomb Spectronic 20 Colorimeter, 1/2"

D.

Pipets
1.

Automatic

t
t i -^ r,f H - 1 i v v r i n a 1 .0,
( c a p a b l e ot d o M ^ r m y

2 . 0 and 3 - 0 ml) ,
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D

e.g. Eppendorf

D

or Pipetman

2.

Volumetric (1-5 ml capacity)

3.

Serological (10 ml capacity for pipetting lake water samples)

MgCl 2 (3%)
Dissolve 3-0 g analytical reagent grade MgCK in 100 ml
disti1led-deionized water.
Hydrochloric acid (concentrated)
Use only analytical reagent grade.
Tris buffer (1.0 M, pH 8.6)
D

1.

Dissolve 121.1 g Trizma

Base in ^950 ml disti1led-deionized

water.
2.

A d d l O . O ml 3% MgCl 2 .

3.

Add 20.0 ml concentrated HC1, slowly.

*».

Bring volume to 1000 ml with disti 1 led-deionized water.

5.

Mix well and check pH.

If it is not between 8.55 and 8.65,

add HC1 or NaOH to adjust.
6.

Autoclave at 115-120° for 15 minutes; store in refrigerator.

Substrate: 3~0 methyfluorescein phosphate (5-00 ii9'm' ) (Sigma
Chemical Co.)
1.

Dissolve 12.50 mg methylfluorescein phosphate in 10 ml cold
Tris buffer (made up as in G., above) (concentration = 1.25
mg-ml

2.

).

If stored, place in freezer in dark.

Dilute 1.0 ml of 1.25 mg-ml

methylfluorescein phosphate

to 250 ml with cold Tris buffer (made up as in G., above).
3-

Transfer to acid-cleaned screw cap test tubes.
in dark.

Store frozen

Substrate should remain frozen until immediately

before use (see Note B).
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I.

EDTA (0.1 M)
Dissolve 9.305 9 analytical reagent grade Na2EDTA into 250
ml disti1led-deionized water.

J.

Store in refrigerator.

Standards: methylfluorescein (Sigma Chemical Co.)
1.

Methanol, absolute, analytical reagent grade

2.

1.0 N NaOH

Dissolve 40 g analytical reagent grade NaOH in 1000 ml
dissolved-deionized water.

Store at room temperature in

polyethylene bottle.
3.

Primary standard (0.50

mg-ml

)

Dissolve 50.00 mg methyf1uorescein in 100 ml absolute,
reagent grade methanol.

Store in polyethylene or glass in

dark at -5°C.
k.

Secondary standard 0.005 mg-ml

)

Prepare on day of analysis. Add 1.0 ml of the primary
standard (made up as in J.3-, above) to ^85 ml distilleddeionized water and 5 ml of 1.0 N NaOH in a 100 ml volumetric|
flask.
5.

Bring volume to 100 ml, mix well.

Working standards
Prepare on day of analysis, from secondary standard
(0.005 mg-ml" 1 ).
For window 3X, dilute
1.0 ml of 0.005 mg-ml

-1

100 ml

50 ng-ml -1

For window IX, dilute
3.0 ml of 0.005 mg-ml
-100 ml

-1

-1
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a. To run standard curve, make dilutions of working
standards (above) using volumetric pipets (l to 20 ml
capacity) and 10 ml graduated cylinder.
b. Add appropriate amount of working standard (either
50 ng-ml

or 150 ng-ml~ ) (See below, d.), 1 ml EDTA,

and 3 ml Tris buffer to graduated cylinder.

Bring

volume to 10 ml with dist i 1 led-deionized water.
c.

Mix well and transfer to f luorometer tube.

d. Make dilutions as follows:
For window 3X
1 ml of 50 ___
ng-ml
-

,-1
ng-ml

2 ml of 50 ng-ml
10 ml
3 ml of 50 ng-ml
10 ml

_
-1
= 10 ng-ml
-1

= 15 ng-ml

-1

,-1

ml of 50
ng-ml ' = 20
„., ng-ml,-1
-——
10 ml
5 ml of 50 ng-ml
10 ml

-1

= 25 ng-ml -1

For window IX
1 ml of 150 ng-ml
10 ml

-1

= 15 ng-ml

2 ml of 150 ng-ml -1
,n
,-1
= 30 ng-ml
10 ml
,-1

3 m]
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ml of —
150 S
rig-mi"

5 ml of 150 ng-ml
10 ml
e.

,-1
60 ng-ml

fn

-1
- 75 ng-ml

-1

Place tubes in dark for at least 15 minutes prior to
reading, to minimize background fluorescence.

III.

Procedure
A.

Place 2 ml Tris buffer into each tube.

B.

Add 1 ml EDTA to half the tubes.

C.

Add 6 ml lake water to each tube.

These are the blanks.
Make sure lake water samples

are well mixed before subsampling.
remove by straining (nitex netting).

If zooplankton are present,
The effect on enzyme

activity by zooplankton presence during the assay has not been
investigated.
D.

Place tubes in dark in water bath (25°C) and allow sample
temperature to equilibrate for approximately 15 minutes.

E.

Add 1 ml substrate to tube.

R
Mix thoroughly by placing Parafilm'

over top of tube and inverting several times. Return tube to
v/ater bath and allow reaction to proceed in tha dark.
F.

Pvead fluorescence of blanks at 0 and 30 minutes.

Read fluorescence

of samples at 0, 15 and 30 minutes.
G.

Add 1 ml EDTA to sample immediately after 30-minute reading.
Mix.

H.

Read fluorescence.

To calculate methylfluorescein (orthophosphate) formed during
assay period, generate regression of concentration of methylfluorescein (ng-ml

) vs. fluorescence units.

Subtract blank
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readings at 30 minutes from readings of samples after EDTA
addition (G., above) and compute methylfluorescein concentration.
To express activity in terms of orthophosphate released, the
following equations are used:

1.

Methylf luorescein (ng-ml

) -f 3^6-3 g-mole
= methylfluorescein (nmoles-ml

2. Methylfluorescein (nmoles-ml
3.

) = P0,~ (nmoles-ml

)

P0^= (nmoles-ml" 1 ) x ^ ^1 -r t x 1000 m l - l " 1
= P0.~ (nmoles-1

-min

)

Where —7—r= correction for dilution of
o ml
sample by reagents
t = incubation time in minutes
Notes
A.

Primary standard appears to remain stable several months.
Secondary standard should be made up on day of analysis, but
may remain stable for several weeks. Working standards should
be made up on day of analysis. If sealed with parafilm, they
may be stored in the dark, overnight.

B.

Substrate background fluorescence may increase if substrate is
stored frozen for extended periods of time; it should probably
not be stored longer than one month.

Methylfluorescein phos-

phate also hydrolyzes spontaneously when stored at room
temperature, increasing background fluorescence.

)
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The window used depends on the activity of the samples and the
i n i t i a l (background) fluorescence of the substrate.
strate fluorescence

If sub-

is i n i t i a l l y low and/or activity of sample

is low, a more sensitive window may be used.
A reading half-way through the incubation period is necessary
to ensure that enzyme activity remains linear during assay
period.
All glassware should be clean and free of orthophosphate since
orthophosphate i n h i b i t s enzyme activity. Tubes, flasks and
pipets are cleaned with 0.1 N HC1, and thoroughly rinsed with
disti1led-deionized water between assays.

Less frequently, acid

dichromate solution is used to clean all glassware; copiously
rinse with disti1led-deionized water after using dichromate.
F.

Samples and blanks are analyzed in triplicate.

G.

If activity of sample is greater than highest standard, decrease
the d i l u t i o n of secondary standard, to extend range of standard
curve.

Do not d i l u t e the sample.

All solutions (substrate, EDTA, Tris) should be at 25°C prior to
addition to lake water.
Lake water samples should be collected in at least 1-liter
quantities in acid-washed containers and stored on ice until
analysis.

Enzyme activity may increase if small samples

( < 1 liter) are taken and stored for any length of time.
For standards, zero fluorometer with 6 ml d i s t i l l e d water,
3 ml Tris and 1 ml EDTA.

r
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Procedure for Determination of Chlorophyll-a_ (After methods of Golterman
1969 and Strickland and Parsons 1972)
I.

Basis of Method
The chemical determination of characteristic plant pigments, particularly chlorophyl 1-a_, is a rapid method for the indirect estimation
*
of l i v i n g plant matter in water. A quantity of lake water is filtered
through a GF/C filter to which a few drops of a saturated MgCO,
solution have been added.

The filter is then either frozen for later

analysis or immediately placed in 30% acetone for pigment extraction.
After appropriate extraction time, the samples are analyzed spectrophotometrically at X = 750, 663, 645, 630, 510, and 480 nm.
Absorbance readings are converted to pigment concentrations using
equations from Golterman (1969, PP- 116-120) and Strickland and
Parsons (1972, pp. 185-19*0.
II.

Materials and Reagents
A.

Spectrophotometer capable of readings at the above-mentioned
wavelengths and holding 1 cm cells
o

B.

Millipore

filtration apparatus equipped for holding 4.25 cm

diameter GF/C filters
C.

GF/C glass fiber filters, 4.25 cm in diameter

D.

Saturated MgCO. solution [made up by dissolving 1 g MgCO

3

(analytical reagent grade) in 100 ml distilled-deionized water!
E.

Graduated cylinders (500 to 1000 ml capacity)

F.

Aluminum foil (for holding filters individually if they are to
be stored for later analyses)
Forceps for handling filters

f
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H. Labels for identifying sample date, depth, location, and volume
fi1tered
TT Foil covered test tubes with stoppers (greater than 10 ml
capacity)
J.

Acetone (30%, diluted from 100% with disti1led-deionized water)

K.

Centrifuge

L. Teflon tissue grinder
Procedure
A.

Filtration
1.

Turn off any bright lights. Filter 500 to 1000 ml of lake
water sample, after thorough mixing, through GF/C filter
to which 3 drops of saturated MgCO, solution have been
added.

(Note: MgCO, prevents the breakdown of chlorophyll

into phaeophytin by making the sample alkaline). MgCO, solution
should be shaken vigorously to suspend the particles
immediately prior to use.

Filters should not be handled

with fingers.
2.

After filtration, filter should be carefully removed from
filtering apparatus with forceps and folded in half with
plankton side inward.

Place filter inside aluminum foil

and crease to make a light-tight packet.

Label filters

i n d i v i d u a l l y with date, depth, location and volume (ml)
filtered.

Prolonged storage induces breakdown of chlorophyll

into degradation products and hence chlorophyll w i l l be underestimated.

Best results are obtained when filters are extracted

and analyzed immediately. If immediate extraction cannot be
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done, filters should be frozen and analyzed as soon as
poss ible.
B. Extraction
1.

Place filter in clean, dry, stoppered test tube containing
approximately 2 ml of 90% acetone.

Using the teflon-tipped

grinder, slowly grind sample u n t i l filter is completely
broken down, taking care to insure sample and tube do not
heat up.
10 ml.
2.

Add 90% acetone until total volume in tube is
Shake tube.

Place darkened tubes in refrigerator and allow to extract
for 3 hours.

3.

Place tubes in centrifuge for 9 minutes at 2300 RPM.

4.

Make sure all the filter fibers are centrifuged; if not,
wash down with supernatant and re-centrifuge.

5.

Decant the clear supernatant into 1 cm path-length spectrophotometer eel 1.

6.

Read absorbance at 750, 663, 645, 630, 510 and 480 nm
against acetone blank. If readings of samples at 750 nm
are > .005 absorbance units, repeat centrifugation step.

7. Add 1 drop of 2 N HC1 and reread at 750 and 663 nm, against
acetone blank to which 1 drop of 2 N HC1 has been added.
C.

Analysis
1.

Equations used to convert absorbance to concentration are
those of Strickland and Parsons (1972):

mg pigment-m

= P

x K
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Where K = acetone volume (ml) x light path (cm )
x sample volume (l
and P

)

is determined as follows (after

subtracting absorbance readings at 750 nm
from each wavelength):

P, - C h i .a- 11.6E663 - ].31E645 -0.1'»E630

P3 =

!
= n-ast-t = 7-6 x
>g = n-ast-1 = J».OEWO
*

= n-ast-2 = 10.0E^g0

v/here C h l . a _ = Chlorophyll a_
Chl.b_ = Chlorophyll b_
Chi .£ = Chlorophyll c_
ast-t = total astacin (animal) carotenoid
n-ast-t = total non-astacin (plant) carotenoid
n-ast-1 = specific non-astacin carotenoid (ChlorophytaCyanophyta)
n-ast-2 = specific non-astacfn carotenoid (ChrysophytaPyrrophyta)
E

xyz

= absorbance at wavelength xyz

* See Portz (1973)
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2.

To calculate chlorophyll degradation products from absorbance
readings after acidification, the following equations (after
correction for blank at 750 nm) from (a) Strickland and
Parsons (1972) and (b) Golterman (1969) are used.
a.

Corr. Chi. (mg-nT3) = 26.7 (E^

- E^ ) x K

Phaeophytin (mg-m~3) = 26.7 [1.7 (E)

- E]

xK

Where £,,._ = absorbance before acidification
E/-/-, = absorbance after acidification
K = acetone volume (ml) x light
path (cm ) x sample volume (1 )

b.

Corr. Chi. (mg-nf3) = 2.43[Exx, - Exx,]
.
,.
, „
663
663
volume extract (ml)
89
* volume filtrate (1)|

x 1000
_ -y

Phaeophytin (mg*m

) = Ex,- - [2.^3 (Ex

56
X

volume extract (ml)
volume filtrate (1)X

_o
Total Pigment (mg-m

IUUU

—o
) = Corr. Chi. (mg-m

) + Phaeophytin

(mg-m )

663 = absorbance before acidification
E,,_ = absorbance after acidification
boj>
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Procedure for the Enumeration and Identification of Phytoplankton (After
method of Utermohl
I.

1958)

Basis of Method
Phytoplankton are counted using Utermohl's (1931, 1958) inverted
microscope method.

The method allows identification and enumeration

of phytoplankton in all size components and enables the analysis of
both rare and common species.

Lake water samples are poured into

sedimentation cylinders (see Fig. 1), and phytoplankton allowed to
settle onto a slide containing a thin glass cover plate.

The chamber

containing phytoplankton is then transferred to the stage of an
inverted microscope and a number of transects analyzed according
to the density of cells and statistical accuracy desired.

Cell

volumes are obtained by measuring 25 i n d i v i d u a l s (for common species!
and averaging the values.

The volumes of less common species are

obtained by measuring as many individuals as possible.
(urn 'ml

Biovolume

) is obtained by m u l t i p l y i n g the cell volume (ym -cell

by the cell number-mi

. This value is then converted to biomass

or fresh weight (mg-m

) assuming that the specific gravity of algae

is equal to 1.0.
II.

)

Materials
A.

Inverted microscope (e.g. Olympus 1MT) equipped with counting
strip eyepiece

B.

Sedimentation cylinders (10 and 50 ml capacity) (Fig. 1)

C.

Combined plate chambers (Wild M l , catalogue l4d X 11.69)

(Fig. 2)
D.

Acid-Lugols preservative (prepared by dissolving 10 g iodine
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50 ml

Figure 1
Sedimentation cylinders for combined plate chamber
(Wild M l , catalogue UOd XI 1.69).

O

Figure 2
Plate chamber-: (a) perspex p l a t e w i t h larger opening
for top c y l i n d e r and s m a l l e r drainage hole; (b) r i n g
for support to bottom (base) plate; (c) key to fasten
ring to underside of perspex p l a t e ; (d) top p l a t e of
-.hamber, also to be used to remove c y l i n d e r after
s e d i m e n t a t i o n is completed.

crystals and 20 g potassium iodide in 200 ml disti1led-delonized
water.

Add 20 ml glacial acetic acid a few days prior to using

(Vollenweider 1969, p- 7). One ml of Lugols solution is added
to 100 ml of phytoplankton sample.
E.

Glass bottles with plastic lids for storage of samples (stored
in cool., dark place)

III.

Procedure
A.

Sample volumes of 2-50 ml may be sedimented in the 10-ml and
50-ml cylinders (Fig. l) depending on algal density and amount
of sediment.
1.

Allow the samples to stand at room temperature for one or
two days. This allows the algae to release their gases
(0_, CH, and C0_) and reduces the intensity of water currents
which are generated when the sample and sedimentation cylinder
walls are at different temperatures.

2.

Mix the plankton by continuous shaking in opposite directions,
i.e., to and fro, up and down, and clockwise and counterclockwise in a circular motion.

Avoid prolonged and vigorous

shaking which damages delicate forms.

Best mixing results

are obtained with bottles 3/4 to 4/5 filled.

Full sample

bottles cannot be properly mixed.
3-

Place the sedimentation cylinder on the plate chamber (Fig. Z)
directly over the bottom (base) plate (Fig. 3a) . Check the
bottom plate to insure that it is scrupulously clean on both
the inner and outer surfaces.

Hold the two sections firmly

together with thumb and forefinger.
4.

The mixed plankton sample is poured into the sedimentation
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Figure 3
Sedimentation procedure for Utermohl method: (a) combined plate
chamber and cylinder, in position for f i l l i n g with plankton
sample; (b) cover disk in place, position for sedimentation; (c)
phytoplankton separated from sedimentation cylinder, position for
drainage of cylinder; (d) combined plate chamber containing
concentrated phytoplankton.

cylinder until it overflows. Wait u n t i l most of the air
bubbles have disappeared from the arched water surface.
When sedimenting a smaller volume of water than the
capacity of the sedimentation cylinder, e.g., 25 ml in a
50 ml cylinder, insure that the d i l u t i o n water is the same
temperature as the phytoplankton sample, sedimentation
cylinder, plate chamber, and ambient room temperature.
The cover disk is now placed on the sedimentation cylinder;
avoid s l i d i n g it on.

The chamber should be wiped dry.

Check to Insure that the sedimentation cylinder is centered
over the circular opening in the plate chamber and that the
cover disk is centered over the sedimentation cylinder
(Fig. 3b).
A label with sample location, date, volume sedimented, date
and time of sedimentation is affixed to the plate chamber.
The chamber and cylinder are left undisturbed for 24 hours
(Javornicky 1958) or 4 hours per cm of chamber height
(Nauwerck 1963).

A level surface free from changes in

ambient room temperature is critical during sedimentation.
The top plate is now placed on the plate chamber (side with'
out the drainage hole) and pushed until the cylinder is
directly above the drainage hole of the plate chamber
(Fig. 3c).

The cover disk is removed and the supernatant

drained into a shallow dish.

If air bubbles are formed in

the chamber under the s l i d i n g plate, inspect the top plate
and upper surface of the plate chamber for the presence of
deposits.

Also the bottom of the top plate may be moisten^"
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and s l i g h t pressure exerted on the top of the plate w i t h
your forefinger as the sedimentation cylinder is displaced
to the drainage hole.
9.

The plate chamber containing the concentrated phytoplankton
(Fig. 3d) is ready to be placed on the stage of an inverted
microscope.

B.

Enumeration
1.

Operation of the counting strip eyepiece
This eyepiece must be inserted in the microscope such that
its parallel thread hairs run in one of the two main directions
of the adjustment of the mechanical stage. The position is
clamped with the set screw.
The width of the counting strip may be varied by turning
the large milled ring below the focusing eye lens of the eyepiece.

The parallel lines are set a known distance apart

(using a stage micrometer).

This distance can be set to

provide convenient conversion factors (Appendix A).

To

insure that this position does not move, it is advisable to
secure the ring to the housing with tape.
2.

Magnification and areas counted in each major size class.
a. The nannoplanktonic species (<6k ym) are counted at
*tOOX magnification in one or two strips across the entire
diameter of the plate chamber (25-5 mm).
b.

The larger, more common forms (excluding Ceratium
hi rundinella) are counted at 200X magnification in one
or two strips across the diameter.

c.

The entire plate chamber is then scanned at 100X

magnification for Ceratium h i r u n d i n e l l a and the less
common large planktonic species.

A l l species not

encountered in a and b (above) are enumerated,
d.

If necessary, the small forms (usually less than 5
that could not be adequately enumerated at 400X are
enumerated at 1000X magnification (oil immersion) in
one or two strips 10 mm in length.

c.

Statistical Considerations
To establish the number of individuals to count, Lund et al.
(1958) and Javornicky (1958) recommend the following formula

error max = ± 2

100

where n is the number of units (colonies, filaments,
counted.

etc.)

The formula assumes random distribution of organisms

and gives a 95% confidence
i n d i v i d u a l s counted.

interval as the percentage of

For Lake Mead, at least 300 units are

counted, g i v i n g a 12% error.

During certain periods of the

year, this number cannot be achieved due to large amounts of
sediment and low algal density.
D.

Calculations (See Appendix B)
1 . Cell abundance

C x A
cells/ml =

where C
A

or L2 x Wj, W2, or W, x S x

= cells counted
= area of plate chamber (510 mm )

L. = length of strip (25-5 mm)
L_ = length of strip (10.0 mm) (usually for 1000X only)
W. = width of counting strip at 200X (0.2

mm)

VL = width of counting strip at 400X (0.1 mm)

2.

W

= width of counting strip at 1000X (0.04

S

= number of strips counted

V

= volume sedimented (2-50 ml)

Cell volume and biomass (mg-m

mm)

) (See Appendices C and D)

The appropriate dimensions of 25 randomly selected cells are
measured for each of the common species and as many as
possible (not exceeding 25) for each of the uncommon species
(Munawar 1972) . Measurements are made for each month.

The

volume of each measured cell is calculated by approximation
to an appropriate geometrical shape (see Appendix D).

The

mean cell volume for each species is then derived.
The total biovolume for each species in a sample is obtained
by m u l t i p l y i n g the cell volume by the cell number.
biovolume (]_im -ml
(mg-m

The

) is converted to biomass or freshweight

) assuming that the specific gravity of algae is

3
equal to 1.0 ,1 unr-ml
(

1000

-3*

Calculation :
•j
_l
o
_i
Cell volume (urn ) x c e l l s - m i " = biovolume (ym -ml )

The biomass for the entire population is calculated as

f o 1 1 ows :
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• Z, V =

+ (V2)(N2)(10~3)--.(VJ(NJ(10~3)
n

Where V is the total biomass (mg-m

n

), n equals the number

of species found, i represents species i (i=l, 2...n) in
terms of its mean cell volume V. (jam ) and N. represents
_i
the cell abundance of species i in c e l l s - m i
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APPENDIX A.

PHYTOPLANKTON CONVERSION FACTORS

OLYMPUS IMT MICROSCOPE
Factors to convert raw phytoplankton counts to cells per ml.
strips

sttled

0.4mm
\n i f
number of strips
counted
25-5 mm

1
2
3
4
entire chamber

0.2mm

0. 1mm

0.04mm

i cat ions
100X

200X

400X

1000X

5.00

10.00

20.00

X

2.50

5.00

10.00

X

1.67
1.25
0.10

3.33

X

2.50

6.67
5.00

0.10

0.10

1

2.00

4.00

2

1.00

2.00

3
4

0.67
0.50
0.04

1.33
1.00
0.04

8.00
4.00

X

2.67
2.00
0.04

X

2

3
4
entire chamber
( 1 Omm)

X

X

0.04
51.00

( 1 Omm)

1

0.10

127-50

( 1 Omm)

entire chamber

X

1.00
0.50

2.00

4.00

X

1.00

2.00

X

0.33
0.25
0.02

0.66

X

0.50

1.34
1.00

0.02

0.02

X

0.02

25-50

r
APPENDIX B.

Affix sample
label

PHYTOPLANKTON BENCH SHEET

SHEET

PHYTOPLANKTON DATA SHEET
LAKE MEAD
TOTAL BIOMASS

_OF

mg/m
cells/m;

TOTAL CELL COUNTS
DATE COLLECTED:

MAGNIFICATION

100X 200X

400X

1000X

STATION:

STRIP WIDTH

0.4

0.1

0.04 nr

PHYCOLOGIST:

NUMBER STRIPS (10mm)

3

4 Entire

DATE ANALYZED:

VOLUME SEDIMENTED
A.

B. STRIP 1

r

1 2

mis.

CONVERSION FACTOR

COUNTS
SPECIES

0.2

C. STRIP 2

r

D. TOTAL
(B+C)

E.
CELLS/ml .
(AxD)

B 1 OMASS
mg/nv;
(ExFxlo" 3 )

r

r
r
r

r

r

—••

r

r

,

APPENDIX C.

BIOMASS SUMMARY SHEET

LAKE MEAD

PHYTOPLAMKTON

BIOMASS SUMMARY SHEET
DATE COLLECTED:_
STATION:
SPECIES
(F) B10VOLUME (ym3)

Key:
a - length
b = width

c = height
d = diameter
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A P P E N D I X D.

SHAPE

Sphere

El 1 ipsoid

CODE

Sp.

EL

BIOVOLUME FORMULAE

REPRESENTATIVE
SPECIES

Sphaerocyst i s
schroeteri

Scenedesmus bijuga
Cryptomonas
Euglena

DIAGRAM

f
L

FORMULA

>.
A_ ]

|

1

NO. OF
MEAS.

TTA3/6

1

7fAB2/6

2

TTAB2/^

2

A

{

t-^
Rod

Rd

Melosira granulata
Cyclotella
Asterlonel la

P

(T
'
^

Ul
hH

Two Cones

C$

Anki strodesmus falcatus /\H

7rAB2/12

2

One Cone

CN

(horn of Cera t ium)

7rAB2/12

2

ABC

3

/\

fc^-L
1-iH
Rec tangii I a r

T

RB

Box

A

Jl
Ic[-B-{
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APPENDIX D, cont.

SHAPE

CODE

DM

REPRESENTATIVE
SPECIES

FORMULA

DIAGRAM

Rhodomonas
minuta
T~
Gymnodinium 1

[1/2 EL+CN]
/^~^\-—^
frB
2(A+B/2)
V j X ^ \l vet
icum
i
\

Mallomonas
Synura

,V
\-\^
h~B—|

NO. OF
MEAS.

^2\) ^

12

1 rregular

i.

CH

Ceratium
hirundinella

AC

Achnanthes
B Valve view
C G i r d l e view

(1 T
'
*
1 I

ir[AB2+C3+
12 2ED2+FG2]

7

BC(A-B+ir )

3

-----

1 rregular

(

j
J

\^ J

|
A
i
1

^

1-tH f-c4
1 rregular

CT

urucigenia
tetrapedia

PD

Per id in i urn

s. / |
/-\
/ .\

//,
A 3 /H

h- BH
1 rregular

J\

Vl
^

irAB2/9

2
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Assay for Demonstration of Nitrogen Deficiency in Phytoplankton using
Ammonium Enhancement of Dark

C-CCL Uptake (After method of Yentsch

et al. 1977)
I.

Basis of Method
In phytoplankton cultures grown under conditions of nitrogen limitation, the addition of ammonium enhances the rate of dark uptake of
14C-CCL relative to controls to which no ammonium is added. An
increase in dark

14
C-CO- assimilation in response to an addition

of ammonium can therefore be used as an indication of nitrogen
deficiency.

Yentsch et al. (1977) chose an arbitrary ratio of 2

(CPM of sample with added NH. :CPM of sample without added NH, )
as an indication of nitrogen deficiency.
I I.

Material and
A.

B.

Reagents

Scintillation counter (e.g. Beckman LS-100)
1.

Scintillation vials, clear glass with screw tops

2.

Scintillation cocktail (e.g. PCS)

Incubation bottles (125 ml reagent bottles, wrapped with black
electrical tape and painted white to exclude light)

C.

14C-labeled bicarbonate purchased from Amersham, prediluted
and ampoulated to proper activity working solution (See
Appendix, page 84).

D.

Ice chests or other light-proof boxes

E.

Millipore

n

filtration apparatus (25 mm or 47 mm)
p

1.

Millipore

filters or equivalent, 25 mm or 47 mm, 0.45

pore size
F. Ammonium chloride stock solution (concentration = 50 mg N - l
1.

Dissolve 0.3818 ± .0002 g NH.C1 (oven-dried to constant
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weight at 105°C) in 2000 ml disti1led-deionized water.
2.

1 ml capacity MLA (or equivalent) pipet for adding NH.C1
to samples

I I.

Procedure
A.

Dilute 50 mg N - l

NH^Cl stock 1:5 with disti1led-deionized

water as follows:
20 ml ]0of
50 mg
,. mg N,.- l,-1
(? ml
9 N - l " 1 = 10
Note: The dilution MUST be done on day prior to use.

The

diluted solution is unstable and must not be stored,
since loss of NH, through volatilization may occur.
Store in reagent bottle.
B.

Sample water with 0-5 m integrated sampler.

Transfer to holding

carboy, mix thoroughly.
1.

Rinse and overfill 6 replicate bottles from carboy.

Replace

l i d s and place bottles in darkened box until ammonia and
l/i
C-HCO, are ready to be added.
2.

Remove l i d s , and from 3 bottles, withdraw 1.0 ml of water
with MLA pipet. Add 1 ml d i l u t e NH Cl (= 80 yg N'T 1 , final),

3. Add appropriate amount of

C-HCO, by syringe to all 6

bottles (see Appendix, page 55).

(When adding radiocarbon

immerse syringe tip below sample water surface). Immediately
replace l i d s after injection and shake bottles to mix isotope
and ammonia solution.
k.

Replace bottles in light-proof boxes p a r t i a l l y f i l l e d w i t h
lake water to maintain in situ lake water temperature.

5~

Filter 6 to 2k hours following radiocarbon and ammonia
add?tions.
a.

Filter bottle contents or subsample onto 0.45 ym pore
size M i l l i p o r e (^ filter.

b.

Rinse sample filter with 0.005 N HC1 to remove any
unincorporated 14 C-HCO- .

c.

Immediately place filter into pre-labled
scintillation v i a l .

(numbered)

Place vial on top of correspondinl

numbered l i d , leaving vials uncapped overnight before]
dispensing scintillation cocktail into each.
d.

When filters are dry, add 20 ml of premixed scintilla*!
tion cocktail (see Appendix, page 83) to each vial.

e.

Wipe off vial surface, cap tightly and place in
scintillation counter overnight in dark before count!]
to prevent elevated counts due to fluorescence of
cocktai1.

f.

Count each sample for period of time sufficient to
yield counts within 5%'

c.

Calculations
Results are reported as percent control and are calculated
% Control = CPM+ * CPM~ x 100
where CPM = average CPM's of 3 replicates to]
which ammonia was added
CPM

= average CPM's of 3 replicates to]
which no ammonia was added

r

APPENDIX

SPECIFIC INSTRUCTIONS FOR INDEX STATIONS ON LAKE MEAD

ATION

ml of '^C-HCO " (1.90 yCi-ml' 1 )

INCUBATION PERIOD (h)

2

0.5

6-24

5

0.5

6-24

8

1.0

6-24

9

1.0

6-24

10

1.0

6-24
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Acetylene Reduction Assay of Nitrogenase Activity (After method of Flett
et al. 1975)

A.

\.

Basis of Method

The acetylene reduction assay of nitrogenase activity is based
on the fact that the enzyme, commonly called nitrogenase, which
is responsible for reducing atmospherically derived dinitrogen
(N») to ammonia (NH_) also reduces acetylene (C-H-) to ethylene
(C-H,) and hydrogen ions to hydrogen gas, according to the
following equations:
(1) MEN + 6H+ + 6e~ -»• 2 NH
(2) 2H+ + 2e~ -> H2
(3) HC=CH + 2H+ + 2e" -> C^
Equation (l) shows that 6e

are utilized during breakage of the

triple bond of dinitrogen, 2e

for each bond.

When dinitrogen

is the substrate for nitrogenase, a second nitrogenase-mediated
reaction occurs, that of hydrogen production, requiring 2 additional electrons, equation (2). A total of 8e

are thus

transferred when dinitrogen and hydrogen ions serve as the
substrates.

Nitrogenase-mediated hydrogen evolution does not

occur when C ? H_ is the substrate for nitrogenase.

Therefore,

theoretically, the ratio of C^hL reduced to N« fixed, based on
numbers of electrons transferred, is close to 4.

In practice,

however, the ratio deviates from this value, usually f a l l i n g
between 2.5 and 6.
A quantity of acetylene gas (sufficient to fully saturate, but
not i n h i b i t , nitrogenase) (see Appendix B) is introduced by

r
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syringe into a sealed vessel containing a vapor phase and the
sample is incubated for a period of time sufficient to assure
that the ethylene produced is above background (contained in
the introduced acetylene gas). The length of the incubation
period is determined in a preliminary experiment and is chosen
such that the production of ethylene remains linear over time.
Since both acetylene and ethylene can be analyzed easily using
a flame-ionization gas chromatograph, the rate of nitrogenase
activity can be quantified. The rate is reported as nmoles
C~Hi produced per unit of time, or as nmoles N fixed by d i v i d i n g
ethylene production rate by the ratio of C^HU reduced to N«
fixed.

Since the value of this ratio does vary depending on a

variety of factors, it is advisable to periodically conduct
parallel

N-N_ fixation measurements when acetylene reduction

assays are performed.

I.

Materials
A.

Analytical gas chromatograph (Carle AGC 211), flame ionization
detector
1.

Strip chart recorder

2.

1 to 1.5 m x 1/8" O.D. stainless steel columns packed with
D

Porapak T
3-

Helium carrier gas; hydrogen gas and compressed air for
flame (all should be high purity for maximum sensitivity)

B.

Incubation vessels, gas tight and clear, with septa through
which gases can be injected and withdrawn, with wire loops
around necks to suspend from c l i p s on incubation lines

Z.

High purity acetylene and ethylene gases (Matheson Gas Company)
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1.

Rubber bladders (such as football liners), equipped with
septa, for transporting acetylene to the field and for
holding ethylene to be used for standards

2.

Syringes, Luer-lok, plastic, disposable, Becton-Dickinson
type (1, 3, 5, 10, 20 and 50 ml) with 25 gauge, 3/V' needles
D

3-

Vacutainers , k ml, red-stopper, non-sterile evacuated
tubes, Becton-Dickinson for subsampling incubation vessels

D.

In situ incubation apparatus
1.

Lines equipped with c l i p s at derived depths of incubation,
on which to hang bottles

2.
E.

Ice chest or s i m i l a r box for transporting bottles

Glass bottles, heavy-walled, approximately 1 liter capacity,
with septa through which gases can be injected and withdrawn
to use for ethylene standards

Ill.

Procedure
A.

Sample incubation
1.

F i l l bladder, until moderately pressurized, with pure
C-HL gas, flushing 2-3 times to remove residual air
(bladder should be f i l l e d daily, since prolonged storage
of acetylene w i l l increase ethylene background).

2.

F i l l 4 190-ml capacity vessels with 150 ml of lake water
(see Appendix A).

3.

To one bottle, add 5 ml of 36% formalin. This w i l l serve
as an ethylene blank.

k.

Seal all bottles tightly.

5-

Flush a 20-ml syringe with C~H

from bladder 2-3 times;

f i l l syringe with 20 ml C-H2 and, before removing syrin9*
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from bladder, slowly push plunger in to 16-ml mark
Appendix B).

(see

Slowly inject C?HX through septum of

incubation vessel and shake gently to dissolve C?I-L
completely.
6.

Note injection time.

7.

If bottles are incubated in situ, place bottles on c l i p s
at appropriate depths and suspend lines for suitable
incubation interval (see Appendix C).

8.

At the end of the incubation period, remove bottles from
lines and shake vigorously to ensure that gases are
equilibrated between the aqueous and vapor phase (at least
30 sees).

Note exact time and water temperature to the

nearest degree centigrade.
9.

To withdraw subsample, place needle of syringe into septum
and slowly pump plunger at least 5 times; depress plunger
to 3~ml mark (Appendix B) before removing syringe from
incubation vessel septum.

Quickly withdraw syringe and

inject sample into a pre-marked (sample date, depth and
station) Vacutainer.

To avoid creating positive pressure,

a maximum of 3 rnl should be placed into each Vacutainer.
10.

Samples can be stored in a cool (<25°C) place for up to
3 months.

B.

Sample Analysis

1.

Prepare gas chromatograph

(see Appendix D).

2.

Run standard curve (see

3.

Allow Vacutainer to reach atmospheric pressure by placing

Appendix E).

syringe needle (without syringe) into septum for

approximately 30 sees.

Do not allow needle to remain in

septum for longer than 30 sees, since the gases w i l l lea
A.

To subsample Vacutainer, using a 1-ml plastic syringe,
slowly pump plunger 2-3 times, and depress to 0.3 ml mar
before removing needle from Vacutainer.

5.

Immediately place needle into injection port of gas
chromatograph, and slowly and steadily inject sample;
ensure that Range and Output of gas chromatograph are
appropriately set for specific compound.

c.

Calculations
1.

Determine concentration of C2H, in subsample of Vacutai
by entering peak height of sample (corrected for backgr
C_Hr) into regression line of peak height (chart units
Range x Output) vs. concentration of C_H,.

2.

To calculate rate of ethylene production:
B
S
nmoles C_H, x -r- x —
£. *^t

nmoles C 2 H.-ml

A

S

-h
V X t X C

where nmoles C?H, is determined in 1, above
B = volume of vapor phase (ml) in incubation
vessel
A = volume of aqueous phase (ml) in incubatfl
vessel
S = volume of Vacutainer (ml)
s = volume of gas (ml) subsampled from vaporl
phase of incubation vessel and transfernj
to Vacutainer
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v = volume of gas (ml) injected into gas
chromatograph
t = incubation time (h)
c = transfer coefficient for ethylene (see
Appendix F).
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APPENDIX A

RATIO OF AQUEOUS PHASE TO VAPOR PHASE

W i t h i n the incubation vessel, it is necessary to maintain a vapor phase
large enough to allow accurate subsampling.

However, if the vapor phase:

aqueous phase ratio is too large, the gases o r i g i n a l l y dissolved in the
aqueous phase w i l l diffuse into the vapor phase; conversely, gases in
the vapor phase may dissolve into the aqueous phase, thus, alteration
of the in situ conditions may occur.

This may have marked effects on

nitrogenase activity (Flett et al. 1975).
For Lake Mead, we have chosen an aqueous phase constituting approximately
79% of the total volume of the incubation vessel, i.e. kO ml vapor phase:
150 ml aqueous phase in a 190-ml vessel.
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APPENDIX B

AMOUNT OF C2H2 TO ADD TO SAMPLES

order to measure maximum rates of nitrogenase activity, the appropriate
sunt of C ? H_ must be added to the incubation vessels.

If insufficient

-L is added, rates may be underestimated because the enzyme w i l l be
asaturated; if excess C^hL is added, enzyme i n h i b i t i o n may result and
tes w i l l also be underestimated.
2 appropriate amount of C 7 H_ to add can be calculated based on literare values (Flett et al. 1975, see below) or can be determined experimentally.
is preferable to determine the amount experimentally by adding a range of
ncentrations and choosing that which yields the highest rates, since the
oun* -f C2hL per ml of water which saturates the enzyme in one situation
y not do so in another.
1.

By calculation
a.

To calculate the amount of C2H2 needed to saturate nitrogenase
using the literature value of 0.082 ml C2H2/ml H20 (Flett
et al. 1975) the following equation is used:
(oA/B)}])
0.082 =

where m = amount of acetylene to add (ml)
a = Bunsen absorption coefficient for

A

volume of aqueous phase (ml)

B

volume of vapor phase (ml)

0.082

_ «

literature value for saturation (mlC2H2/ml H,,0)

The computation for a, Bunsen absorption coefficient for
C_H,,, is shown in the equation below.

Loomis (1928) gives

values for K which are then used in the equation shown to
derive a, at the appropriate temperature.
17,032,400d(l + a)

a=
Km
where d = density of solvent (in this case hLO, so d = 1)

] + a - }

m = molecular weight of solvent (in this case, 1
so m = 18)
•'• a = 946,244
K
K is taken from Table 1

Table 1. Variation with temperature of K and a for acetylene,
when the solvent is I-LO.

T°C

KxlO 6

a

T°C

KxlO 6

a

10

0.727

1.302

21

0.935

1.012

11

0.746

1.268

22

0.955

0.991

12

0.765

1.237

23

0.974

0.972

13

0.783

1.208

24

0.993

0.953

14

0.803

1.178

25

1.01

0.937

15

0.822

1.151

26

1.03

0.919

16

0.841

1.125

27

1.05

0.901

17

0.858

1.103

28

1.07

0.884

18

0.878

1.078

29

1.09

0.868

19

0.897

1.055

30

1.11

0.852

20

0.917

1.032
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b.

Example calculation of amount of C_H» to add
At a water temperature of 20°C with an aqueous:vapor phase
ratio of 150:^0, the amount of C«H_ to add is determined as
fo11ows:

1.032
2°°C

0.917 x 106

.032 x 150/40)11)
150

0.082

m = 15.5 ml
Therefore, under the above conditions, and assuming that
0.082 mlC-H^-ml of H_0

saturates nitrogenase, at least

15.5 ml of C2H2 should be added.
For Lake Mead, we add 16 ml C_I-L to 150 ml lake water in a
190-ml incubation vessel.
c.

Example of amount of C-H? to subsample

To determine the amount of the vapor phase which can be
subsampled without creating negative pressure within the
incubation vessel, the amount of C-H- remaining in the
vapor phase after e q u i l i b r i u m is reached must be known.
The total amount of C2H? dissolved

in the aqueous phase is

calculated as follows:

(0.082 mlC 2 H 2 -mlH 2 0

) (150 ml

= 12.3 ml

The amount of C ? H_ remaining in the vapor phase is thus:
15-5 ml - 12.3 ml = 3-2 ml
Therefore, at least 3 ml can be withdrawn without creating
negative pressure within the vessel.
2.

By experimental determination
a. Using an aqueoustvapor phase ratio of 150:40, choose 5
volumes of C_H» bracketing the volume which w i l l yield a
concentration of 0.082

^

^

at

the given

temperature (see Appendix B, section 1-b).
b.

Inject each volume into triplicate vessels with 1 blank
for each volume.

Allow approximately 1 h for incubation.

c. At the end of the incubation period, subsampl

vessels

simultaneously.
d.

Calculate the acetylene reduction rate for ea
of C«H
2"2'
Plot the rate of C'22
0 H_ reduction vs. amount of C»H« added
22

10
<£.

o
o
3
-o
0)

c-w

X

o

V

V3

Choose the volume which yields the highest rate of
reduction.

6?
APPENDIX C

LENGTH OF INCUBATION INTERVAL

ne length of the incubation period should be chosen such that the
reduction of ethylene remains linear during the entire interval.

This

= riod of linearity may vary with varying conditions, so the determination
nould be repeated periodically.
1.

Experimental determination
a.

Add a volume of C-hU known to be sufficient to saturate
nitrogenase to each of 20 flasks (15 samples and 5 blanks)
at TQ.

b.

Subsample 3 samples and 1 blank at hourly intervals.

c.

Determine C^H^ reduction rate per hour for each time
interval.

d.

Make the following graph:
(U
+-J

ec
O

_i—
CM

1

1

Tl

T2

1

1

1

T3

TA

T5

Time Interval
12 Reduct

_

The theoretical graph above shows that linearity occurs
only during a three-hour period, and that ethylene production

rate decreases thereafter.

Thus, in this case, incubation

periods should be l i m i t e d to 3 hours.
2.

For Lake Mead, the length of the incubation period at each site
coincides with that chosen for the primary productivity rneasure.
ments, i.e. 2.5 to k hours for stations 2 and 5; and 3 to 5
for stations 8, 9 and 10.
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APPENDIX D

Operation of gas chromatograph (Carle AGC 211)
a. Turn on helium carrier gas to ^ 23 PS1.
b. Turn on oven power switch, set temperature at 80°C. Oven must
heat up for about 3~^+ hours.
c. Turn on recorder power switch.
d.

Measure helium flow rate through jet with teflon-tipped flowmeter provided with the instrument (cautiontdo not bend flowmeter tip since the quartz jet is extremely fragile); set
flow rate to 100 m l s - m i n

e.

After recorder is warmed up, balance it (return pen to zero)
with recorder ZERO KNOB, with OUTPUT (G.C. panel) on TEST and
RANGE (G.C. panel) on BALANCE.
Turn OUTPUT to 1 and balance recorder again with AMPLIFIER
BALANCE knob (G.C. panel),

g. Turn hydrogen on to approximately kQ PSI.

Wait approximately

5 minutes,
h.

Light flame with IGNITE button (G.C. panel); you should hear a
definite pop.

Check to see that flame is lit by holding a shiny

surface, such as a knife blade or mirror, over flame opening and
observe condensation.

If flame is not l i t , wait approximately

10 minutes and depress IGNITE button again,
i.

Turn on air to approximately 16 P S I , slowly.

j.

Slowly turn down hydrogen to 20 PSI. Wait approximately 5
minutes.

'-

Balance recorder by using ZERO SUPPRESSION knobs (coarse and
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fine) (G.C. panel) with RANGE on 105 i n i t i a l l y and OUTPUT on 1.
Progressively turn down RANGE to 1 w h i l e balancing (zeroing)
recorder pen with each step.
2.

Shutdown of gas chromatograph
a. Turn recorder off.
b. Turn helium and air off.
c.

Turn helium down to approximately 5 PS I and leave oven on for
d a i l y use.
Note:

If gas chromatograph w i l l not be used on a daily basis,
the oven and helium should be turned off.

71
APPENDIX E
M I X I N G OF ETHYLENE STANDARDS
Techn iques/suggest ions
a.

Use only high purity ethylene (C_H.) gas from Matheson Gas Company.

b.

F i l l football bladder with C?H. , flushing a number of times.
Do not interchange bladders for C^hL and C,,H, !

c. When making gas transfers with plastic syringes, flush syringe
a number of times by slowly f i l l i n g and depressing plunger at
least 5 times.
d.

Depress syringe plunger to appropriate volume mark before
D

removing needle from Vacutainer

septum attached to football

bladder.
e.

Quickly transfer syringe to clean and dry flask of known volume
containing a small piece of paper to keep gas mixed.

Slowly

depress plunger into flask.
f.

Standards w i l l yield best replicate injections if they are allowed
to equilibrate for at least 4 h prior to subsampling.

g. When taking samples from flasks, mix each standard prior to
subsampl ing by shaking paper around. Again, flush syringe a
number of times (this also helps mix standard) and depress plunger
to 0.3 ml prior to removing syringe.
h.

Run duplicate or triplicate injections from each standard.

Procedure
a.

Using the Universal Ideal Gas Law, calculate the number of moles
in 25 ml of pure C
PV
RT

at 25°C (298°K) :

(1 atm)(25xlO~3)
(0.08205 1-atm/mol-deg)(298°K)
= 1.022xlO~3 moles
Primary Standard
Place 25 ml of pure C-H, (l.022xlO~3 moles) into 1000 ml
1.022xlo"3 moles
1000 ml

, _ 00 ,.-6
,
,-1
= 1.022x10
moles'ml

Secondary Standards
0. 5 ml x 1.022x10
-1000

moles-mi" 1

. ...
-9
.
-1
=0.51x10
moles-ml

1.0 ml x 1.022xlp"6 moles-mi" 1
1000

1.02x!0" 9 moles-mT 1

1.5 ml x 1.022x1o"6 moles-mi" 1
1000

1.53xlO~ 9 moles-mi" 1

2.0 ml x 1.022x10
1000

moles-mi"

3.0 ml x 1.022x!0"6 moles-mi" 1
-1000

., ..-9 moles-mi
,
,-1
= 02.04x10

, ^ .-3
.
.-]
= 3-07x10
moles-ml

To run standard curve, place 0.3 ml of each secondary standard
into gas chromatograph:
0.3 ml x 0.51 nmoles-ml

= 0.15 nmoles

0.3 ml x 1.02 nmoles-ml

= 0.31 nmoles

0.3 ml x 1.53 nmoles-ml

= 0.46 nmoles

0.3 ml x 2.0k nmoles-ml

= 0.61 nmoles

0.3 ml x 3.07 nmoles-ml

= 0.92 nmoles

Generate standard curve of peak height (chart units x range x
output) vs. nmoles C.-H, .
If ethylene concentrations in samples fall beyond the range of
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the standard curve, the primary standard should be decreased
increased accordingly, so that the secondary standards
cover the range of sample activity.

APPENDIX F
CORRECTION FOR ETHYLENE SOLUBILITY
1.

Since ethylene is not completely insoluble in water, a portion of
that produced w i l l remain in the aqueous phase.

This amount depends

on the temperature of the aqueous phase and the ratio of the aqueous
phase to vapor phase. If this is not taken into consideration, the
rate of ethylene production (acetylene reduction) w i l l be underestimated,
a.

The following equation from Flett et al. (1975) is used to
calculate the proportion of ethylene transferred from the aqueous
phase to the vapor phase:
*
i

X
m

1 + (a A/B)

where X = the proportion of ethylene transferred to
the vapor phase
m = the total amount of ethylene in the incubation
vessel (assume it is 1)
a = Bunsen absorption coefficient for C«Hi
A = volume of aqueous phase (ml)
B = volume of vapor phase (ml)
b.

The computation for a, Bunsen absorption coefficient for C^H^.
is shown on the following page.

Loomis (1928) gives values for

K which are then used in the equation shown to derive a, at the
appropriate temperature.
l7.032,*K)Od(l+a)
Km

a =
where d
1 + a

density of solvent (in case FLO, so d = 1)
—

1
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m = molecular weight of solvent (in this case
so m = 18)
_

946,244
K
K is taken from Table 2.

Table 2.

Variation with temperature of K and a for ethylene.

T°C

a

KxlO6

T°C

KxlO6

a

10

5.84

.1620

21

7.93

.1193

11

6.03

.1569

22

8.12

.1165

12

6.22

.1521

23

8.31

.1139

13

6.41

.1476

24

8.48

.1116

14

6.59

.1436

25

8.67

.1091

15

6.80

.1392

26

8.88

.1066

16

6.97

.1357

27

9.03

.1048

17

7.16

.1322

28

9.24

.1024

18

7.36

.1286

29

9.42

.1005

19

7.55

.1253

30

9.62

.0984

20

7.74

.1223

c. Example of calculation of transfer coefficient for ethylene
At a water temperature of 20°C with an aqueous: vapor phase
ratio of 150:40, the proportion of C^ transferred i =
determined as follows:

*20°C

946,244
K

= 9^,244
7.74x10

I
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X =
X =

1
1 + (a A/B)

1
1 + (.1223 x 150AO)

= 0.686

The amount of ethylene determined in the vapor phase is then
corrected by d i v i d i n g by 0.686 to account for that remaining
in the aqueous phase.
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Dcedure for Measuring Phytoplankton Productivity using
thor'

C-CC^ (After

f Steemann-N i el sen 1952)
Bas? s of Method
The radiocarbon assay of

primary productivity is based on the

fact that organisms which assimilate 1 7C-CC^, containing the
stable isotope of carbon, w i l l also assimilate

, contain-

ing the radioactive isotope, with l i t t l e difference between the
rate of uptake of each. A small amount of radioactive bicarbonate, relative to the total CC^ pool, is added to the sample,
contained in a clear glass bottle.

After a suitable incubation

period, the amount of radioactivity incorporated into the phytoplankton by photosynthesis is measured.

This is done by f i l t e r i n g

an aliquot (or the entire bottle) onto one of various filters
'e.g., M i l l i p o r e , Nuclepore ) and counting with standard scint i l l a t i o n counting techniques.

Knowing the total amount of

carbon-12 in the sample (determined from pH and a l k a l i n i t y
measurements), the ratio of carbon-12 to carbon~l4 a v a i l a b l e ,
and the isotope factor (correction for difference in the rate of
uptake of carbon-12 and carbon-14), the amount of carbon-12
incorporated during the incubation interval can be determined.
Material s
A.

B.

S c i n t i l l a t i o n counter (e.g., Beckman LS-100)
1.

S c i n t i l l a t i o n v i a l s , clear glass w i t h screw tops

2.

S c i n t i l l a t i o n cocktail (e.g., PCS)

Incubation bottles (125 ml clear reagent bottles, 2 l i g h t , and
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1 dark, wrapped with black electrical tape and painted white,
with wire loops around necks to suspend from hooks on incuba-

t ion 1 i nes)
C.

F i e l d (in situ) incubation apparatus
1.

Line equipped with c l i p s at derived depths of incubation,
on which to hang bottles

D.

C-labeled bicarbonate purchased from Amersham, prediluted
and ampoulated to proper-activity working solution (see Appendix, page 84).

E.

Dispensing syringe (0.5 to 1.0 ml capacity) for adding

C-HCO;

to samples
F.

Ice chests or other light-proof boxes

G. M i l l i p o r e ^ filtration apparatus (25 or kj mm)
H.

25 or kl mm M i l l i p o r e ^ filters or equivalent, 0.45 Um pore sizr

I.

A l k a l i n i t y determination apparatus (see page 109 for necessary
equipment and methods)

Procedure
A.

Sample depths of interest with van Dorn (or s i m i l a r ) sampler.
1.

Rinse and overfill 2 l i g h t bottles and 1 dark bottle from
each depth; replace l i d s and place bottles in darkened
box, taking care to prevent l i g h t shock by s h i e l d i n g frO"
di rect sunlight.

2. After all bottles are filled, remove tops sequential W an"
add

1/4C-HC03~

by syringe (see Appendix D).

(When adding

radiocarbon, immerse syringe tip below sample water sur
t. jiJ*

face.)

Immediately replace l i d s after injection, and s

I
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bottles to mix isotope.
3. Place bottles on clips at appropriate depths and suspend
lines.
After suitable incubation interval (see Appendix D), place
bottles immediately into light-proof boxes.

Keep cool.

Filter as soon as possible.
1.

Filter bottle contents or subsample onto 0.45 )-im pore
D

size M i l l i p o r e

fi1ter.

2. Rinse sample filter with 0.005 N HC1 to remove any unincorporated ]kC-HCOo .
3.

Immediately place filter into pre-labeled (numbered)
scintillation vial.

Place vials on top of corresponding

numbered lids and leave v i a l s uncapped overnight before
dispensing scintillation cocktail into each.
Prepare filters for scintillation counting.
1. When filters are dry, add 20 ml of premixed s c i n t i l l a t i o n
cocktail (see Appendix A).
2. Wipe all spilled cocktail off vial surface, cap tightly
and place in scintillation counter overnight in dark
before counting to prevent elevated counts due to fluorescence of cocktail.
3. Count each sample for period of time sufficient to yield
counts within 5%.
10 minutes.

For Lake Mead, samples are counted for

E. Calculations
1.

Productivity (mg Om

'h

)=

[(L-D) x 12c a v a i l a b l e ^ 1.06 x 1000]
]1<C added x E x 2.22x 106 x t

where

L = CPM of l i g h t bottle (total in 125 ml)

D = CPM of dark bottle (total 125 ml)
1?
~3
C available = total carbon (g C-m ), derived from
a l k a l i n i t y , pH and temperature

(see

Alkal inity, p. 109)
1.06 = correction factor for uptake of
carbon vs. '^carbon
1000 = mg-g" 1
1Z|C

added = yC; of isotope added to 125 ml
E = efficiency of s c i n t i l l a t i o n counter

2.22 x 106 = DPM-uC;'1
t = incubation time (h)
2.

Productivity (mg C-nf^'h"1) =

(zi+1 - z.)

where

X. - productivity (mg C-m~^-h~]] at depth'
Z. = discrete depth in meters of i cjl sajnp''

n = total depth of water column

81
_o

3. Productivity (mg C«m

I x £ (i-l

where

_I

-da

)=

- Z:)

I = ratio of total incident radiation
(langleys«da~') to incident radiation
during incubation period (langleys-h~^)
See example in Appendix E (page 91).

Note:

I is determined by planimetric integration of
l i g h t curve produced by pyroheliometer.

REFERENCES
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APPENDIX A
SCINTILLATION COCKTAIL
I.

PCS, phase combining solution, is obtained from Amersham Corporation.

?.

PCS

is mixed with xylene (2:1, vol/vol); under these condi-

tions, PCS w i l l hold up to 10% aqueous volume.

APPENDIX B

DILUTION AND AMPOULATION OF

1.

Sodium

14

C-carbonate

C-HCO "SOLUTION

(2.5 ml of aqueous solution, 2.0 mCi-ml

-1

)

is obtained from The Radiochemical Center, Amersham, England.
2.

Procedure
a.

Boil approximately 3000 ml of disti1led-deionized water in
a 5~1 beaker for approximately 10 minutes.

b.

To 2300 ml boiled dfsti1led-deionized water, add 0.1 g NaOH.

c. Add either (l) 0.294 g NaHCO^ or (2) 0.186 g Na2C03 to get an
a l k a l i n i t y of 120 mg-I

(this is added so that solution will

have approximate a l k a l i n i t y of the lake water to which it is
added).
d.

Check pH (it should be between 9.5-10.0); adjust if necessary.

e. Add purchased ampoule of sodium

C-bicarbonate or sodium

14C-carbonate.
f.

Bring volume up to 2500 ml with boiled disti1led-deionfzed
water.

g. Mix thoroughly on magnetic stirrer with stir bar.
h.

F i l l ampoules from siphon system.

Seal.

i.

Check for faulty seals by inverting ampoules in pan containing
water to which a suitable dye (e.g. phenolphthalein) has been
added. Autoclave for 15 min at 15 PSI.

Discard any ampoules

containing dye.
j.

Log all information concerning batch in record book.
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APPENDIX C
14,
STANDARDIZATION OF IH
C-C02

Standardized solution of carbon-14 is obtained from the
Radtochemical Center, Amersham, England.
Chemical form:

0.05 M sodium carbonate solution in water cont a i n i n g 1 mg formaldehyde'ml

Activity = 1.191 yCi-ml' 1 = 2.64 x 106 DPM-ml" ]
Prepared solution of carbon-14 (see Appendix B)
Fluor:

PCS/Xylene (2:1 vol/vol)

Procedure for standardization
Triplicate 1, 3 and 5 yl aliquots of a standard

C-solution

of known activity (1, above) are added to the s c i n t i l l a t i o n
14
fluor with a 10 yl syringe. Aliquots of the prepared
Csolution are dispensed s i m i l a r l y .

Both are then counted in

a Beckman LS-100 S c i n t i l l a t i o n Counter.

The efficiency of the

s c i n t i l l a t i o n counter and the activity of the prepared
solution can be determined from the results.
Calculati ons
a.

Efficiency of s c i n t i l l a t i o n counter

E = CPM
DPM
where CPM = counts per minute of the known standard

C-
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C-solution in the s c i n t i l l a t i o n counter
DPM = disintegrations per minute of the known standard

14

C-solution calculated from the activity

of the solution obtained from Amersham
b. Activity of prepared

C-bicarbonate solution (yCi'ml

)

yd = 2.22 x 106DPM

CPM

yCi -ml

(E) (2.22 x 10

DPM-yCi" 1 )(V)

where CPM = counts per minute of solution
E = efficiency of s c i n t i l l a t i o n counter
determined in a, above
2.22 x 10 = constant converting DPM, disintegrations per
minute, to yCi (microcuries)
V = volume of solution counted, in ml
c.

Example calculation
The following information is known:
i.

Activity of standard
1.191

ii.

C-solution from Amersham =

yCi-ml"1

CPM of standard

C - s o l u t i o n from s c i n t i l l a t i o n counter'

6912 CPM-SyT 1
iii.

CPM of prepared

C-solution from s c i n t i l l a t i o n counter

,-1

11035 CPM-Syl
Using the above information, the following can be calculated'
i.

Efficiency of s c i n t i l l a t i o n counter
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C standard a c t i v i t y = 1 . 1 9 1 y C i ' m l

"1

DPM-yl

-1

= 7932 D P M - 3 yl
_ 6912
L

Activity of prepared

_. , -1
yC i -ml

yd - m l "
Note:

~ DPM ~ 7932 "u'w
C-solution (yCi'ml

)

11035
CPM
—
(0.87)(2.22 x 10 DPM-yCi"')(3

ml)

= 1 .90

Possible quenching, that is, a decrease in CPM due to
to some interference, may occur in some systems.
Algal cells and other particulate matter, such as
s i l t , as well as some filter types, may decrease the
efficiency of the s c i n t i l l a t i o n counter.

It is there-

fore advisable to run quench curves (efficiency vs.
amount of interfering substance), from which counter
efficiency can then be determined. In water samples
from Lake Mead no quenching has been found.

T
APPENDIX D
SPECIFIC INSTRUCTIONS FOR INDEX STATIONS ON LAKE MEAD

Stat ion

ml of

1/1 C-HCO

" (1.90 yCi'ml" 1 )

Incubation Period (h)

2

0.5

2.5 - k

5

0.5

2.5 - k

8

1.0

3

- 5

9

1.0

3

- 5

10

1.0

3

- 5
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APPENDIX E
EXAMPLE OF CALCULATIONS

e 1.

h

Determination of 12 C available from alkalinity.

Alkalinity
(g CaC03-m~3)

Temperature

PH

Factor3

17

1A C

aval Table

(g c-nf3)

(°c)

129

13-5

7.35

0.27

3^.8

129

13.5

7-25

0.275

35.5

130

13.75

7.35

0.27

35.1

128

13-75

7-30

0.27

3^.6

131

13-75

7-15

0.285

37.3

1^0

13.25

7.20

0.28

39.2

^rmined by interpolation from Table 1, p. 112

T
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A P P E N D I X E, cont'd

Table 2.

Productivity Calculations

- Depth

12 C

avai l a b l e

Productivity13

Productivity0
(mg C ' m " 2 - h ~ ] )

(m)

(g C'rrf 3 )

(rug C - m ' ^ - h " 1 )

0

34.8

28.8

1

35-5

62.5

3

. 35.1

72.3

5

34.6

56.1

7

37.3

25-5

10

39,2

7.0

Productivity (mg C*m

h

)

For depth 0 m, let:
L = 12,526 CPM
D = 335 CPM
12C

a v a i l a b l e = 34.8 g C'm" 3
' Z f C added = 1 .905 ]JC (E = 0.893

t = 4.17 h

[ ( 1 2 , 5 2 6 - 335) x 3/t.8
1-905

x

0.893

x

—

.06 x 1000]

2.2 x 10 x k.\7

Continue c a l c u l a t i o n s for each depth.

439

Product! vi ty d
(mg • m ~ 2 ' d a ~ 1 )
^726

.

Procedure for Zooplankton Collection and Enumeration
I.

Sample Collection
One to three replicate vertical tows are taken at each sampling
site with an 80 ym mesh-size Wisconsin net, the diameter of which
is 13 cm (= 1.3273 x io"2 m2
are as follows:

sampling area).

Depths of tows

at stations where depth exceeds 100 m, tows are

made from 100 m to surface; where depth is between kO and 100 m,
tows are made from kO m to surface; at shallow stations (<kO m) the
net is lowered to within 1 m of the bottom and retrieved to the
surface.

Preliminary studies on Lake Mead (Burke, unpublished)

have shown that zooplankton are uncommon below 40 m; therefore,
the establishment of kO and 100 m sampling depths should not result
in appreciable underestimates of zooplankton densities in Lake
Mead.
Tows are made at a constant velocity of approximately 1 nrsec .
When the net is brought to the surface, zooplankton are rinsed fro*
the sides of the net and bucket and are transferred to kQ-m] snaptop polyethylene vials with a 20 percent formalin solution. Samp'1"'
are thus fixed with a formalin concentration of approximately 5 to
10 percent.

Vials are then sealed with masking tape, and marked

with location, date, time, and sampling depth.

Samples are stored

in the refrigerator until counting (usually w i t h i n one month of
collect ion).
I I.

Enumeration
A.

Samples are thoroughly mixed and three to five one-mi repl "• j
subsamples are removed with a large bore one-mi pipet; eacn
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subsample is then placed in a separate Sedgewick-Rafter counting chamber.
B. The volume (ml) of v i a l contents remaining is measured and corrected by the volume removed by subsampling.
C.

The total number of organisms in each chamber is countec, \\th a
compound microscope at 40X magnification.

D.

Microcrustacea are usually identified to species and Rotifera
to genus or species.

Identifications are made using the keys

of Brooks (1957), Edmondson (1959) and Pennak (1953).
E. Calculations
1.

Mean number-mi

of each organism in the concentrated tow

sample is calculated as follows:

Z X.
X = 1 =1
where X = mean number of organisms per ml in sample
X. = number of organisms counted in each replicate i
n = number of 1-ml replicates counted
2.

Areal and cubic densities are calculated by extrapolation
of the data obtained above.
a.

Areal density (number of organisms'm

D

A

_2

):

= ^X V
K

where X = mean number of organisms per ml in sample
V = total volume of sample
-2 2
K = 1-3273 x 10 m = surface area of opening of
Wisconsin net (13 cm diameter)

T
b.

Cubic density (number of organisms*m~3):

_ X" x y
DC " K x Z
where X, V, and K are as defined above
and Z = depth (m) of vertical tow
Note:

Dp is useful in comparing densities between
stations only when Z is equal.
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'rocedure for Collection of Water Samples for Nutrient Analyses
^/iscrete samples
A three-liter opaque, non-metallic, polyvinylchloride (PVC) van Dorn
water bottle suspended from a l i n e calibrated in 0.5~1.0-meter
increments is used to sample lake water from discrete depths.
Depths sampled vary, but are usually representative of regions within
the epi-, meta-, and hypo 1imnion.

Subsamples are transferred, after

mixing, to containers through a neoprene or tygon tube attached to
bottle outlet.
Integrated (0 to 5 m) samples
Integrated water samples are taken from the surface to a 5~meter
depth with a flexible swimming pool hose (approximately 5 cm in
diameter).

A lead weight and a line running to the water surface

^re attached to the bottom end of the hose.
attached to the surface end with a line.

A rubber stopper is

At each station, the hose

is lowered and raised without the stopper inserted, and flushed
several times with lake water.

The hose is then lowered at a rate

slow enough to ensure that a vertical water sample from surface to
5 m is obtained. The stopper is then inserted at the surface end
which is held precisely even with the surface of the water.

The

surface end (with stopper securely inserted) is then released and
allowed to float. The sampler is retrieved by the l i n e attached to
the weighted end, which is then placed into the opening of a 3 gallon
polyethylene carboy which has been rinsed thoroughly with surface
water. The stopper is removed and the sample is drained into the
carboy.

The procedure is repeated if necessary.

The sample w i t h i n
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the carboy is thoroughly mixed by shaking before subsamples are
removed.
III.

Bottles for nutrient samples
Polyethylene bottles (100- to 250-ml capacity) used for subsampli nq
are thoroughly washed with 0.1 N HC1 and disti1led-deionized water
and are pre-rinsed with sample in the field.
with sample date, location, and depth.

Bottles are pre-marke-

Approximately 10% of the

bottle volume is left as an airspace to prevent bottle breakage
when samples are frozen.

Larger samples ( > 1 liter) are transferre'

D

to Cubitainers , flexible polyethylene containers.

These are also

washed with acid and disti1led-deionized water and are rinsed in
the field with the sample.

Cubitainers are marked with station

location only, since samples contained in them are not stored.
IV.

Sample treatment after collection
After samples are obtained, they are placed on ice in Coleman
coolers and transported to the laboratory for appropriate treatment.

I
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Care Of Glassware Used in Chemical Analyses

'""flll stored glassware (e.g. flasks, cylinders, etc.) is f i l l e d with
n

0.1 N HC1, covered with Parafilm

or rubber caps, and rinsed (2-3

times) with disti1led-deionized water before use.
.

A l l pipets and funnels are rinsed with 0.1 N HC1 and d i s t i l l e d deionized water prior to storing.

I.

After use, all glassware is washed as follows:
A.

Hot tap water (2 rinses)

B.

Tap d i s t i l l e d water (2 rinses, include outside)

C.

0.1 N HC1

1.

F i l l flasks and cylinders, dry outside with paper towel.

2.

Rinse pipets, funnels including outside walls of pipets
(follow with disti1led-deionized water rinse).
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Procedure for Determination of Accuracy and Precision of Analyses (Qua]-,
Control) (After method in EPA
I.

1979)

Accuracy of Instrument and Technician
This can be determined from the standard curves which are generateby reading absorbances of standards made up with reagents and
d i s t i l l e d water and plotting against concentrations.

Daily result,

are compared to means and standard deviations of values determined
in previous routine runs.

Instrument and technician are required

to produce results (means) w i t h i n standard deviations determined
from previous routine runs; if not, sample analysis is repeated.
II.

Accuracy of Method Relative to Particular Natural Water System
A.

This can be assessed by determining the per cent recovery from
water samples of added spikes of known concentration.
1.

Percent recovery is calculated as follows:

[•Concentration of spiked sample - Concentration of unspiked sample-.
Concentration of spike

,.„

= % Recovery = P
2.

Quality Control Chart - based on percent recovery of spike
(Refer to Chapter 6.3-1 Quality Control Charts for Accuracy
of EPA Handbook for Analytical Quality Control in Water and
Wastewater Laboratories; March 1979).
a.

Calculate average percent recovery of spike for data
from i n i t i a l run as follows:

n
I P.
P =

101

Where P = average percent recovery
n = number of samples
P. = percent recovery of i n d i v i d u a l samples
b.

Calculate standard deviation of percent recovery of
spike for data from i n i t i a l runs as follows:

9
P.)2/n

s =
n - 1

c.

Calculate upper control l i m i t (UCL) , i.e. the value
of the average percent recovery plus 3 standard
deviat ions :

UCL = P + 3S
All determined values for P.i must be less than the
value for UCL or samples should be re-analyzed.
d.

Calculate upper warning l i m i t (UWL) , i.e. the value
of the average percent recovery plus 2 standard
deviat ions :
UWL = P + 2S

P

If determined values for P. fall above this UWL it is
a signal that problems may be developing.
e.

Calculate lower control l i m i t (LCL) , i.e. the value
of the average percent recovery minus 3 standard
deviat ions :
LCL = P - 3S
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A l l determined values for P. must be greater than the
value of LCL or samples should be re-analyzed.
f.

Calculate lower warning l i m i t (LWL) , i.e. the value
of the average percent recovery minus 2 standard
deviat ions :
LWL = P - 2S

If determined values for P. fall below this LWL it
is a signal that problems may be developing.
Draw control chart as follows:

UCL = P + 3S
UWL = P + 2S

o
o

P
P

P

100

LWL = P - 2S

C
<U
O

LCL = P - 3S.

Sample number
Note:

68% of the i n i t i a l i z i n g data should fall within
the range of P ± S ; if less than 50 percent
of the i n i t i a l i z i n g data falls within this
interval, the control chart is probably not
va 1 id.

h.

Application of control chart
The following two conditions indicate an out-of-contro
s i tuat ion :
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(a) any point beyond upper or lower control l i m i t s ,
or
(b)

seven successive points on the same side of the
value P of the central line.

If either situation occurs, analyses must be terminated
u n t i l problem is identified and resolved.
(Note:

This method of quality control assessment is
often confusing to reviewers because, for
example, a recovery w i t h i n 1 yg-1

of a

5 yg-1

spike is 80% w h i l e recovery w i t h i n

1 yg-1

of a 10 yg-1

spike is 30%.

There-

fore, a more easily understood assessment of
accuracy can be made using actual concentrations
recovered from a spiked sample; see B., below).
Accuracy can also be assessed by determining the actual concentration recovered from a spiked sample.
1.

Concentration (yg•1

) recovered

is calculated as follows:

Concentration of spiked sample-Concentration of unspiked
sample
2.

Quality control chart-based on concentration recovered from
a spiked sample (separate charts are required for each
concentration of spike)
a.

Calculate average concentration recovered for data
from i n i t i a l runs as follows:
n
Z C.
C =

Where C = average concentration recovered
n = number of samples
C. = concentration recovered of i n d i v i d u a l sampi.
b.

Calculate standard deviation of concentration

recovere

for data from i n i t i a l runs as follows:

n
I C. - ( Z
n - 1
c.

Calculate upper control l i m i t (UCL) , i.e. the value
of the average concentration recovered plus 3 standard
deviations:
UCL = C + 3S
A l l determined values for C. must be less than the
i
value for UCL or sample should be re-analyzed.

d.

Calculate upper warning l i m i t (UWL), i.e. the value of
the average concentration recovered plus 2 standard
deviat ions:
UWL = C + 2S

c

If determined values fall above this line it is a
warning that there may be problems developing.
e.

Calculate lower control l i m i t (LCL), i.e. the value of
the average concentration recovered minus 3 standard
deviat ions:
LCL = C - 3S
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Where X = P or C
± t ni; = value of student t for n observations
and 95% confidence level
S.D. = S or S = standard deviation
P
c
n = number of samples
Precision of Method
A.

Precision of the method is determined by analyzing replicate
samples and determing R, the absolute value of the difference
in concentrations.
1.

The range of replicates A and B is given as follows:

R = |A-B]
Where R = range
A = concentration of replicate A
B = concentration of replicate B
2.

Quality Control Tables - based on range of duplicate
determinations (Refer to Chapter 6.3-2 Qua!ity Control
Charts for Precision of EPA Handbook for Analytical Qua lit''
Control in Water and Wastewater Laboratories; March 1979)Control charts, similar to those for accuracy assessment,
can be developed for R.

However, since the primary concer

in using such charts is whether the value R is less than
the upper control l i m i t , it is easier to develop tables
of these l i m i t s .
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a.

Since R depends on concentration, when such tables are
i n i t i a l l y established, samples with s i m i l a r concentration levels and ranges are placed into groups.

The

average range of each group is determined by averaging
the ranges of duplicates w i t h i n each group, i.e.:

R.

R =
Note:

R refers to the range of individual sets of
duplicates, determined from analysis.
R refers to average range used to establish
quality control tables.

b.

Upper control l i m i t s (UCL) for each concentration range
are calculated by m u l t i p l y i n g the range R for each
group by the Shewhart factor, D, , which is equal to
3.27 for duplicate analyses.
UCL = R x 3.27
The tables should also contain values for the c r i t i c a l
range, R , w i t h i n each group.

This critical range is

the value of the upper control l i m i t rounded off to the
nearest 0.5 unit for lower concentration levels and to
the nearest 1 unit for higher concentration levels.
Application of control table
If the range of any set of duplicate analyses exceeds
R

w i t h i n the appropriate concentration level, further

analyses should be suspended u n t i l the problem is
identified and eliminated.
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IV.

Sensitivity of method (minimum detection level)
Minimum detection levels are estimated from recovery of spikes of
lake water samples, and the standard curve of absorbance vs.
concentration of standards prepared with disti1led-deionized water
The minimum detection level must be consistently higher than the
disti1led-deionized water-reagent blanks.

REFERENCES

U.S. Environmental Protection Agency. 1979- Handbook for analytical
quality control in water and wastewater laboratories. EPA Report
No. 600/4-70-019, March 1979. Environmental Monitoring and Support
Laboratory, Office of Research and Development, Cincinnati, Ohio.

109
rocedure for Determination of A l k a l i n i t y (After APHA 1975)

^jsi s of Method

Alkalinity is the capacity of water to accept protons and is due
to the presence of bicarbonate, carbonate, and hydroxyl ions. It
is determined by titration of a water sample with a strong mineral
acid (such as hydrochloric or sulfuric) to the successive bicarbonate and carbonic acid equivalence points, indicated either potentiometrically or by the use of acid-base color indicators (such as
phenolphthalein), responding in the pH range 4-5. The pH values
suggested as equivalence points for the corresponding a l k a l i n i t y
concentrations as calcium carbonate are as follows:
total a l k a l i n i t i e s of about 30 mg-1

pH 5.1 for

, pH 4.8 for 150 mg-1

, and

pH 4.5 for 500 mg'T1 (APHA 1975, pp. 278-282).
-terials and Reagents
A.

pH meter

B.

Buffer (Potassium acid phthalate, pH 4.01 ± .01 @ 25°C obtained
from:

Harleco, D i v i s i o n of American Hospital Supply Corpora-

tion, Gibbstown, NJ 08027 or equivalent)
C.

Standard NaOH (N/44 = 0.0227 N)
Obtained from Hach Chemical Company, cat. no. 192

D.

H2SOZ| (1 N)
Dilute 28 ml concentrated acid to 1 liter with d i s t i l l e d deionized water.

E.

H2SO^ (0.02 N)
D i l u t e 20 ml I N H-SO^ to 1 l i t e r with disti1led-deionized
water.

F. Phenolphthalein acid-base color indicator
G.

Erlenmeyer flasks (250 ml) for titrating samples

H.

Buret (50 ml) for holding

Procedure
A.

Standardization of H2SOr
Note:

Standardization should be done exactly as if the NaOH

were a lake water sample.
1.

Calibrate pH meter with buffer at temperature of the standard NaOH solution.

2.

Place 100 ml of standard NaOH solution into Erlenmeyer fla5i

3. Add 3 drops of phenolphthalein indicator.
k. Titrate with HoSOr to pH 4.8 or other end points chosen on
basis of the total a l k a l i n i t y .
5.

Calculate the normality of acid by the following equation:

"Awhere N« = normality of HoSOr
Ng = normality of NaOH
V. = volume of H SO. used to titrate to endpoint
A
Z H
Vg = volume of NaOH
B.

Sample Determination
1.

Calibrate pH meter with buffer at temperature of the
water sample.

2.

Place 100 ml of lake water sample into Erlenmeyer flask

3. Add 3 drops of phenolphthalein indicator.

k.

Titrate with F^SO^ u n t i l solution reaches faint pink color
corresponding to a pH of 8.3.

5. Note volume to 0.1 ml.
This w i l l equal carbonate a l k a l i n i t y (pH = 8.3, for Lake
Mead, total a l k a l i n i t y in range of 150 mg*l
6.

).

Continue titration u n t i l pH reaches 4.8, determined by pH
electrode.

7.

Note volume to 0.1 ml.
This w i l l equal total a l k a l i n i t y (pH = 4.8, for Lake Mead,
a l k a l i n i t y in range of 150 mg-1

C.

).

Calculations
1.

Carbonate a l k a l i n i t y (mg CaCO.,-!"') =
AX

50,000
ml sample

where A = ml of ^SO^ to reach phenol phthalein end point
N = normality of H^SO^
2.

Total a l k a l i n i t y (mg CaCO^-l" 1 ) =
B x N x 50,000
ml sample
where B = ml of H SO, to reach endpoint of pH = 4.8.

3.

To convert total a l k a l i n i t y (mg CaCO^'l'1) to carbon (mg C - l
Total a l k a l i n i t y (mg CaCO,'!"1) x F = carbon (mg C'l
where F is factor taken from Table 1, below, depending on
temperature and pH of sample at time of a l k a l i n i t y deter-

mi nat ion.

)

),
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Table 1.

Factors for the conversion of total a l k a l i n i t y to
m i l l i g r a m s of carbon per liter (from Saunders et al.
1962)

Temperature (°C)

PH

10

15

20

7.0

0.31

0.30

0.30

25
0.29

7.1

0.29

0.29

0.28

7.2

0.28

0.29
0.28

0.28

7.3
7.4

0.27

0.27

0.27

0.26

0.27
0.26

0.27
0.27

7.5
7.6
7.7
7.8
7-9

0.26

0.26

0.26

0.26

0.26

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

8.0
8.1
8.2
8.3
8.4

0.25

0.25

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

8.5
8.6
8.7
8.8
8.9

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.23

0.23

0.23

0.23

0.23

0.23

9.0
9.1
9.2
9-3
9.4

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.22

0.22

0.23
0.22

0.22

0.22

0.22

0.22

0.26
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Procedure for Determination of Color (After APHA 1975)
Basis of Method
The true color of a water sample is the color of light transmitted
by the solution after the suspended particles have been removed by
filtration.

True color is imparted by dissolved substances such 35

metallic ions (iron and manganese) and humic acids.

Color is deter-

mined by comparing samples to known concentrations of standard coleunits.

This method employs platinum-cobalt standards and is a

modification of that given in APHA (1975, pp. 64-65).

I I.

Standards
A.

Stock standard:

Platinum-cobalt solution = 500 color units

(Hach Chemical Co.)
B. Working standards
Prepare from 500 color unit platinum-cobalt standard using
di sti 1 led-deion ized water
a.
b.
c.
d.

1 ml of 500 units
500 ml

,

-prrTT-:-

1 ml of 500 units
_
-250-^11 ml of 500 units

—jwin2 m l of 500 units
100 ml

=

I

Unit

= 2 unlts

r

= 5 umts

= 10units

Procedure
A.

Filter 50 ml of sample through di sti 1 led-deionized water-washed
GF/C glass fiber filter into a 125 ml rubber-capped Erlenmeyer
flask.

B.

Change filter between each sample.

Read absorbance at 350 nm (personal communication, J. Shapiro-

115
University of Minnesota, Minneapolis) in a 10 cm cell.

Read

absorbance of one set of standards prior to samples and one
""""'

set after samples.

C. To calculate color units of samples, generate regression of
absorbance vs. color units of standards. Enter above determined absorbance values of samples and report color in units.
Notes
A.

Working standards are made on day of analysis.

B. Analysis is conducted on samples which have been frozen without
filtration and then thawed and filtered immediately prior to
analysis.

REFERENCES
!A. 1975- Standard Methods for the Examination of Water and Wastewater. 14th ed., American Public Health Association. Washington,
D.C. 1193 PP.
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Procedure for Determination of Total Dissolved Iron (After method of
1979)
Basis of Method
D

Ferrous ions react with Ferrozine* (Hach Chemical Co.) to form a
magenta color with a maximum absorbance at 5&2 nm; the absorbance
is proportional to the concentration of ferrous ions.

Ferric ions

do not complex with the reagent and must be reduced to ferrous to
obtain total dissolved iron concentrations.

Interferences by

copper, cobalt, and nickel are reduced by adjusting the pH to ^.5,
We use standards ranging from 0 to 100 yg Fe-1

. A 10 yg Fe-1

spike to lake water samples yields a mean recovery of 3.6 yg Fe-l
with a standard deviation of 0.9 yg Fe-l
and a 95% confidence
_i
interval of 8.8 to 10.A yg Fe-l . The l i m i t of detection is
approximately 5 yg Fe-l

II

Reagents and Standards
A.

5.0 N HC1
Add 200 ml concentrated HC1 to *»80 ml dist i 1 led-deionized
water.

Store in glass, at room temperature.

B. Reductant
Dissolve 10 g hydroxylamine hydrochloride (analytical reagent
grade) in 100 ml disti1led-deionized water.

Store in glass.

D

C.

Ferrozine

reagent (Hach Chemical Co.)

Dissolve 0.075 g Ferrozine
water.

Add 2 ml of 5-0 N HC1 and d i l u t e to 100 ml.

is stable for over 1 month.
D.

Buffer

in 50 ml disti1led-deionized
This
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1.

Dissolve k73 9 sodium acetate trihydrate (analytical reagent
grade) in 500 m] distilled-deionized water, with warming.

—•

E.

2.

Cool and add 115 ml glacial acetic acid.

3-

Dilute to 1 liter and store in glass, at room temperature.

Standards and spike
1.

0.1 N H-SO,

(approximately)

Add 5 ml concentrated H_SOi to 2 liters disti1led-deionized
water.
2.

Stock standard (100 mg Fe-1

)

Dissolve 0.7022 g ferrous ammonium sulfate (analytical
reagent grade) in 1 liter of 0.1 N I^SO^.
3-

Working standards
Prepare from 100 mg Fe-1

stock standard, d i l u t e with

0.1 N H2SOZ}.
a.

0.2 ml of 100 mg Fe-1
2000 ml9

b.

0.5 ml of 100 mg Fe-1 -1 = 25 yg Fe-1
2000 ml

c.

1.0 ml of 100 mg Fe-1
2000 ml

d.

2.0 ml of 100 mg Fe-1
2000 ml

,.
c
,-1
=10ygFe-l

-1

....

-1

= 5°

-1

= 100 yg Fe-1

k. Spike
Prepare from 100 mg Fe-1,-1' stock standard, d i l u t e with
0.1 N H2SO^.
Dilute 1 ml of 100 mg Fe-1,-1 = 500 yg Fe-1 -1
200 ml

a.

Remove 1 ml of sample to be spiked.

b.

Add 1 ml of 500 yg Fe-1

to obtain 10 pg Fe-1

in

sample (sample size 50 ml).
1 ml of

, 1 0 u g F e .,-l

50 ml
Procedure
A.

Samples are filtered as soon as possible through a d i s t i l l e d deionized water washed GF/C.

Filtrates are then acidified

with 1 ml of 5N HC1 and frozen until analysis.
B.

Place 50 ml of thawed sample into rubber-capped 125 ml Erlenme\
flask.

C.

Add 2 ml reductant, mix.

D. Wait 2 minutes or more.
D

E. Add 2 ml Ferrozine

reagent, mix.

F. Add 5 ml buffer, mix.
G.

Wait 1 minute.

H.

Read absorbance at 562 nm in 10 cm cell. Color is stable for
several months.

Read absorbance of one set of standards prior

to samples and one set after samples.
I.

To calculate Fe concentration, generate regression of absorbent
vs. concentration of standards.

Enter above-determined absor-

bance values of samples and report Fe (total dissolved)
concentrations.
IV.

Notes
A.

Standards and spike may be stored indefinitely, in glass.

B.

If concentration of Fe in sample is greater than highest
standard, it should be diluted with disti1led-deionized water
and

re-analyzed.

j
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C.

Refiltration of samples, which have been frozen and thawed,
immediately prior to analysis is unnecessary.

REFERENCES

ibbs, M.M. 1979- A simple method for the rapid determination of iron
in natural waters. Water Research 13:295-297-
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Method For Determination of Ammonia (NH.-N) (After method of Liddicoat
et al. 1975).
I.

Basis of Method
This method is a modification of that outlined in Liddicoat et al.
(1975) and Solorzano (1969).

A blue compound, indophenol, is

formed by the reaction of ammonia, hypochlor i te, and phenol, using
potassium ferrocyanide as a catalyst.
Interference of other nitrogen compounds is n e g l i g i b l e ; calcium
and magnesium interference is eliminated by complexing with sodium
citrate.
The method is reportedly applicable to 500 ug N'l
standards ranging from 0 to 50 ug N'l

, however.

We use
The l i m i t of

detection is approximately 5 ug N'l

• A 10 ug N'l
spike to lake
_i
water samples yields a mean recovery of 9-1 ug N'l
with a
standard deviation of 1.5 Ug N'l

and a 95% confidence interval

of 8.7 to 9-5 yg N - l " 1 .
Reagents and Standards
A.

Phenol -ethanol solution
Dissolve 50.0 ± 0.1 g of analytical reagent grade phenol in
500 ml 95% ethanol.

B.

Store in glass at room temperature.

A l k a l i n e citrate solution
Dissolve 200 ± 0.1 g of analytical reagent grade trisodium
citrate dihydrate and 10.00 ± 0.05 g analytical reagent grade
sodium hydroxide in 1000 ml of freshly d i st i 1 led-deion ized
water.

Store at room temperature.
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Oxidizing solution
Mix 80 ml of alkaline citrate solution with 20 ml of sodium

hypochlorite. Prepare fresh daily.
Catalyst
Dissolve 2.50 ± 0.01 g of analytical reagent grade potassium
ferrocyanide in 500 ml freshly disti1led-deionized water.
Prepare fresh daily.
Standards and spike
1.

Stock standard (50 mg N - l ~ )
Dissolve 0.1909 ± .0002 g NH.C1 (oven-dried to constant
weight at 105°C) in 1000 ml disti1led-deion?zed water.

2. Working standards
Prepare fresh daily from stock standards (50 mg N - l

1 ml of 50 mg N - l
500 ml

a-

3-

= 100 yg N - l

-1

b.

20 ml of 100 yg N - l -1 =
200 ml

c.

50 ml of 100 yg N - l
200 ml

d.

70 ml of 100 yg N - l -1 =
200 ml

35 yg N - l -1

e.

100 ml of 100 yg N - l -1 =
200 ml

50 yg N - l -1

10 yg N - l

-1

= 25 yg N - l

Spike
1 ml of 50 mg N - l
100 ml

_i
= 500 yg N - l

a.

Remove 1 ml of sample to be spiked.

b.

Add 1 ml of 500 yg N - ]

to obtain 10 yg N'l

).
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in sample (sample size 50 ml).

i mi of s o o y g N - 1 , 1 0 y g N .,
50 ml
I I I . Procedure
A.

Filtration: If glass, rather than plastic, filter frits are
used, they should be pre-rinsed with di sti 1 led-deionized water
and then an aliquot of sample in order to saturate the sites
on the frits.

Adsorption of NH.

to the filter frit w i l l

cause an inconsistent error in the analysis.

After pre-rinsing,

filter 50 ml of sample through GF/F filter.
B.

Add 2 ml phenol -ethanol , mix.

C.

Add 2 ml potassium ferrocyanide, mix.

D.

Add 5 ml oxidizer, mix.

E.

Incubate in UV radiation hood for 50 minutes.

F.

Read absorbarce at 6kO nm in a 10 cm cell.

Read absorbance of

one set of standards prior to samples and one set after sample'.
G.

To calculate NH.-N concentration, generate regression of
absorbance vs. concentration of standards.

Enter above-

determined absorbance values of samples and report NH--N
concentrations .
IV.

Notes
A.

Use fresh sodium hypochlor i te.

B.

Standards and spikes are made on day of analysis.

C.

This method yields best results on samples containing less
than 50 yg NH.-N-l" 1 .

If sample determination falls beyond

the highest standard, it should be diluted with freshly
d i st i 1 led-deion ized water and re-analyzed.
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Procedure for Determination of Nitrate (NO -N) (After Method of Kamphake
et al. 1967)
I.

Basis of Method
This method is a modification of that first described by M u l l in
and Riley (1955) and later modified by Kamphake et al. (1967). The
reaction involves the reduction by hydrazine of nitrate ion to
nitrite.

The diazotization reaction between n i t r i t e and sulfa-

n i l a m i d e is followed by a coupling reaction with N-(1-naphthyl)ethylenediamine

dihydrochloride (NED), producing a red azo-dye,

the color of which is proportional to the concentration of nitrite.
Kamphake et al. (1967) investigated interference of nine ions with
the analysis; results are shown in Table 1. Concentrations below
those listed cause no interference

in either the reduction or the

colorimetric steps of the reaction.

In their analyses, nitrite was

oxidized by chlorine to nitrate, which was subsequently
upon reduction with hydrazine.

recovered

Precipitation of calcium and

magnesium salts, at concentrations higher than those shown, hindered
filtration by clogging f i l t e r pores.

Analytical reagent grade

chloroform (1 ml:100 m l , used as a preservative) produced an interference equivalent to 0.05 mg N - l

which was eliminated as descri-f

in Kamphake et al. (1967).
Our modification of the method employs standards ranging from
0-100 yg N - l

. The mean recovery of a 10 yg N - l

water is 9.5 yg N - l

spike to lake

with a standard deviation of I.** yg N - l

and a 35% confidence interval of 9.1 to 9.9 yg N - l
detection is approximately 1 yg N - l -1

. The l i m i t c
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Table 1.

Ion Interference

mg- 1

ion not producing interference

Ion

Salt

Ni trate A n a l y s i s

Ni tri te A n a l y s i s

Cl~

Nad

30,000

30,000

Mg

MgSO,

75

75

Free chlorine

<1.0*

200

W.-N

(NH,) 0 SO,

80

80

f

Na 2 S

t

t

*,a

CaSO,

240

240

re+++

Fed

30

30

50

50

60

60

3

k

4

2

4

2 k

iBS

Chlorine oxidizes NO,,

in sample to NO-

Apparent N02

varied ± 10% up to 10 m g - 1

and NO,

-1

of sulfide ion.
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Reagents and Standards
A.

Stock Hydrazine
Dissolve 1.20 g of analytical reagent grade hydrazine sulfate
in 250 ml disti1led-deionized water.

Store in glass at room

temperature.
B.

Copper solution
Dissolve Q.OkO g of analytical reagent grade CuSO.-5H?0
into 100 ml disti1led-deionized water.

Store in glass at

room temperature.
C.

Reducing solution
Dilute 25 ml stock hydrazine solution and 5 ml copper solution
to 50 ml with disti1led-deionized water.

D.

Do not store.

1.0 N NaOH
Dissolve kO g analytical reagent grade NaOH in 1000 ml d i s t i l l e d
deionized water.

Store at room temperature in polyethylene

bottle.
E.

Sulfan ilamide
Add 50 ml concentrated hydrochloric acid to approximately 250
ml disti]led-deionized water.

Dissolve 5 g analytical reagent

grade sulfanilamide in the diluted HC1.
disti1led-deionized water.
F.

Dilute to 500 ml with

Store in glass at room temperature.

N-(1-naphthyl)-ethylenediamine dihydrochloride (NED)
Dissolve 0.5 g analytical reagent grade N-(1-naphthyl)ethylenediamine dihydrochloride in 500 ml disti1led-deionized
water.

Store in refrigerator, in dark.

brown coloration develops.

Discard solution i'
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Phenate buffer
Add 1.8 g analytical reagent grade phenol and 16 ml of 1.0 N
NaOH to 100 ml disti1led-deionized water.
bottle.

Place in dark

Do not store.

Standards and spike
1.

Stock standard (50 mg N - l

)

Dissolve 0.3609 g KNO, (oven-dried to constant weight at
105°C) in 1000 ml disti1led-deionized water.

Store in glass

at room temperature.
2. Working standards
Prepare fresh daily from stock standard (50 mg N - l

2 ml of 50 mg N - 1,-1
500 ml

a.

= 200 yg N - l

-1

b.

10 ml of 200 yg N - l
200 ml

c.

25 ml of 200 yg N - l
200 ml

d.

50 ml of 200 yg N - l -1 =
200 ml

e.

=
-1

)

-1

10 yg N - l -1

= 25 yg N - l -1
50 yg N - l -1

100 ml of 200 yg N- ,-1 = 100 yg N - l
200 ml

3. Spike
ml of

N-l

100 ml

a.

Add while d i l u t i n g sample.

b.

Add 1 ml of 500 yg N-l"' to obtain 10 yg N - l "
sample (sample size 50 ml)

1 ml of 500 yg N-r ] , ]0ygN .,-l
50 ml

in

III.

Procedure
A.

Filter 50 ml

of sample through disti1led-deionized water-

washed GF/C glass fiber filter into 125 ml rubber-capped
Erlenmeyer flask.
B.

Change f i l t e r between each sample.

Place flasks into water bath at 37°C ± 1°C; bring samples to
this temperature.

C.

Simultaneously add 1 ml reducing solution and 2 ml phenate
buffer, mix.

D. Allow reaction to proceed at 37°C for 30 minutes.
E.

Remove samples from water bath.

F.

Simultaneously add 1 ml sulfanilamide and 1 ml NED, mix.

G.

Cool to room temperature or long enough to prevent fogging
of cuvette in

H.

spectrophotometer.

Read absorbance at 5^3 nm in a 5 cm cell.

Read absorbance of

one set of standards prior to samples and one set after sample
I.

To calculate NO,-N concentration, generate regression of absor
bance vs. concentration of standards.

Enter above-determined

absorbance values of samples and report nitrate-N concentratic
!V.

Notes
A.

Reducing solution and phenate buffer are made up on day of
analys is.

B.

Standards and spikes are made on day of analysis.

C.

If concentration of nitrate in sample is greater than highest
standard, it should be diluted with disti1led-deionized water
and re-analyzed.

.I.
"See IV. Notes, F.
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D.

This method includes n i t r i t e in the analysis; therefore, if
samples contain a significant concentration of nitrite, a
separate n i t r i t e analysis should be conducted and values
subtracted to get nitrate only.

E.

Analysis is conducted on samples which have been frozen without
filtration, and then thawed and filtered immediately prior to
analyst s.

F.

We remove some unknown interference in Lake Mead water by
d i l u t i n g samples at least 1:5 with disti1led-deionized water
immediately prior to analysis.

REFERENCES

amphake, L.J., S.A. Hannah, and J.M. Cohen. 1967- An automated analysis
for nitrate by hydrazine reduction. Water Research 1:205~216.
u l l i n , J.B. and J.P. Riley. 1955. The spectrophotometric determination
of nitrate in natural waters, with particular reference to seawater.
Anal. Chem. Acta 12:464-480.
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Procedure for Determination of N i t r i t e (NCL-N) (After method of Brown
et al. 1970)
1.

Basis of Method
This method is based on that of Brown et al. (1970, pp. 121-122)
and involves the formation of a diazo-compound of n i t r i t e with
sulfanilamide.

This compound is then coupled with N-(l-naphthyl)-

ethylenediamine dihydrochloride to form a red azo-dye, the absorbance of which is proportional to the amount of nitrite present.
Interference

by substances commonly occurring in natural waters

is negligible.
We use standards ranging from 0 to 100 yg N - l
of a 10 yg N - l

-1

The mean recovery

spike to lake water is 9-9 yg N - l

with a

standard deviation of 0.5 yg N * l
and a 95% confidence interval
-1
The minimum detection l i m i t is approxiof 9.7 to 10.1 yg N - l
_i
mately 1 yg N - l,-1
Reagents and Standards
A.

Analytical reagent grade formic acid, 87 to 90%.

B.

N- (1-naphthyl )-ethylenediarnine dihydrochloride (NED)
Dissolve 0.5 g analytical reagent grade N-(1-naphthyl)ethylenediamine dihydrochloride in 100 ml disti1led-deionized
water.

Store in refrigerator, in dark.

If brown coloration

develops, discard solution.
C.

Sulfan ilamide
Dissolve 0.5 g analytical reagent grade sulfan?lamide in 1"°
ml disti1led-deionized water.

D.

Standards and spike

Prepare fresh daily.
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1.

Stock standard (50 mg N - l

)

Dissolve 0.3038 g KNO? (oven-dried to a constant weight
at 105°C) in 1000ml disti1led-deionized water.

Store in

glass at room temperature.

2.

Working standards
Prepare fresh d a i l y from stock standard (50 mg N-l

a.

2 m)

^ 2QQ

10 ml of 200 yg N- 1 -1
=
200 ml

b.

c-

3.

10 yg N-l

25 ml of 200 yg N - l
200 ml

d.

e.

).

N.,-l

.

-l

50pg|1 .,

-1
100 ml of 200 yg N'l -1
= 100 yg N-l
200 ml

Spike

100 ml
a.

Remove 1 ml of sample to be spiked.

b.

Add I ml of 500 yg N - l

to obtain 10 yg N-l

in

sample (sample size 50 ml).

= 10

Procedure
A.

F i l t e r 50 ml of sample through d1st?1led-deionTzed water-washed
GF/C glass fiber filter into 125 ml rubber-capped Erlenmeyer
flask.

B

Change f i l t e r between each sample.

Place flasks in ice-bath for approximately 2 minutes.
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C.

Add 1 ml sulfan!lamide and

mix.

D. Add k ml formic acid and mix.
E.

Add 1 ml NED and

F.

Remove from ice bath.

mix.

G. Allow color to develop for 15 minutes.
H.

Read absorbance at 5^3 nm in a 5 cm cell.

Read absorbance of

one set of standards prior to samples and one set after samples.
I.

To calculate NCL-N concentration, generate regression of absorbance vs. concentration of standards.

Enter above-determined

absorbance values of samples and report NO^-N concentrations.
IV.

Motes
A.

Standards and spikes are made on day of analysis.

B.

If concentration of n i t r i t e in sample is greater than highest
standard, it should be diluted with disti1led-deionized water
and re-analyzed.

C.

Analysis is conducted on samples which have been frozen without
filtration and then thawed and filtered immediately prior to
analysi s.

REFERENCES

Brown, E., M.W. Skougstad, and M.J. Fishman. 1970- Methods for collection
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G e o l o g i c a l Survey. Book 5- Chapter A 1. U.S. Government P r i n t i n g
O f f i c e , Washington, D.C.
160 pp.
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ocedure for Determination of Total Nitrogen (After methods of D'Elia
1977 and APHA 1975)
Basis of Method
Total nitrogen in natural waters (particulate organic nitrogen,
dissolved organic nitrogen, ammonia-nitrogen, nitrite-nitrogen,
and nitrate-nitrogen) is oxidized by persulfate under alkaline
conditions to nitrate-nitrogen (D'Elia et al. 1977).

Nitrate-

nitrogen is then reduced to nitrite-nitrogen by the cadmium
reduction method (APHA 1975, pp. 423-427). A diazo-compound of
nitrite is then formed with the addition of sulfanilamide.

This

compound is then coupled with N-(1-naphthyl)-ethylenediamine
dihydrochloride, forming a red azo-dye, the absorbance of which
is directly proportional to the amount of nitrite present.
'e use standard:; ranging in concentration from 0 to 200 yg N - l
The mean recovery of a 25 yg N - l
25.1 yg N - l

spike to lake water is

with a standard deviation of 2.2 yg N'l

and a 35%

confidence interval of 24.4-25.8 yg N - l
Reagents and Standards
A.

Oxidizer
Dissolve 3-0 g NaOH (analytical reagent grade) in 1 liter
dist i 1 led-de ion ized water; then add 6.7 g K^S-On (analytical
reagent grade).

B.

This should be made immediately before use.

I N HC1

Dilute 83 ml concentrated HC1 (analytical reagent grade)
to 1 liter with disti lled-deionized water.
room temperature.

Store in glass, at

Ammonium chloride solution (200 g NH.Cl'l

)

Dissolve 100 g NH.C1 (analytical reagent grade) in 500 ml
disti1led-deionized water.

Store in glass, at room tempera-

ture.
Dilute ammonium chloride solution (5 g NH.Cl'l

)

Dilute 50 ml concentrated ammonium chloride solution
above) to 2000 ml with disti1led-deionized water.

(C.,

Store in

glass, at room temperature.
Amalgamated cadmium filings
"File sticks of pure cadmium metal (reagent grade) with a
coarse metal hand file (about second cut) and collect the
fraction that passes a sieve with 2-mm openings and is retain**
on a sieve with 0.5~mm openings.

Stir about 300 g filings wit*

300 ml HgCl2 solution (1 g HgCl2/100 ml) for 3 minutes.
amount suffices for six reduction columns).
particles settle and decant the liquid.

(ThU

Let the metal

Wash the amalgamate^

f i l i n g s several times with distilled water, then several tl1"*'
with 1 + 99 HC1.

Wash copiously with distilled water until

no nitrite can be detected in the supernatant fluid. Store
the filings in the dark under dilute NH.C1 solution."
1975, p. tek).
Sulfan ilamide
Add 50 ml concentrated analytical reagent grade HC1 to a
imately 300 ml disti1led-deionized water. Add 5 9 sulf"1
(analytical reagent grade) and dilute to 500 ml with di»
deionized water (APHA 1975, pp.
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G.

N-(l-naphthyl)-ethylenediamine dihydrochloride
Dissolve 0.5 g analytical reagent grade.N-(l-napthyl)-ethylenediamine dihydrochloride in 500 ml disti1led-deionized water.
Store in refrigerator, in dark.

Discard solution if brown

coloration develops.
H.

Hydrochloric acid: 5% (1 + 19 HC1)
Dilute 1 ml to 20 ml with disti1led-deionized water.

I.

Standards and spike
1.

Stock standard (50 mg N - l

)

Dissolve 0.3609 KNO, (analytical reagent grade) (oven-dried
to a constant weight at 105°C) in 1000 ml disti1led-deionized
water.
2. Working standards
Prepare fresh daily from stock standard (50 mg N - l
a.

)

,-1
1 ml of 50 mg N - 1
-1
= 100 yg N - 1
500 ml
(10 ml diluted to 100 ml = final concentration of 10 yg N - l, - 1')

b.

1 ml of

N-

"1

-1

(10 ml diluted to 100 ml = final concentration of 50 yg N - l
c.

2 ml of 50 mg N - l,-1
-1
= 1000 yg N - l
100 ml

(10 ml diluted to 100 ml = final concentration of 100 yg N - l
d.

)

2 ml of 50 mg N - 1
50 ml

= 2000 yg N - 1

)

-1
I

(10 ml diluted to 100 ml = final concentration of 200 yg N • 1

3.

Spike
5 ml of 50 mg N.1 -1

250°

-]

)
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a.

Add ] ml of 2500 yg N - l " 1 to obtain 25 yg N - l " 1 i n s
(sample size 100 ml)
1 ml of 2500 yg N - l
100 ml

III.

25 yg N - l

Procedure
A.

Preparation of reduction column
"Pack a plug of glass wool in the bottom of a reduction column
and f i l l the column with d i s t i l l e d water.

Pour in sufficient

amalgamated cadmium f i l i n g s to produce a column 30 cm long.
Use the column size specified because columns of lesser diamet?
and length give erratic results and show rapid deterioration.
Wash the column thoroughly with d i l u t e N H i C l solution. When
apparatus is not in use, cover the metal in the column with
dilute NH^Cl solution."
B.

(APHA 1975, p. **25) .

Maintenance of reduction column
"There is no need to wash columns between samples, but if
columns are not to be reused for several hours or longer, pour
50 ml d i l u t e NH.C1 solution onto the top and let it pass
through the system.

Store the cadmium f i l i n g s in this NHiCl

solution and never allow them to go dry. If there are indications that the columns are becoming inactivated, as shown
by a significant decrease in the color intensity produced per
microgram NO.-N in the standards, empty the columns, wash the
cadmium f i l i n g s briefly with 1 + 19 HC1 and copiously with
d i s t i l l e d water, air-dry at about 60°C, resieve and rearnalgamate.

Wei 1-prepared columns of the correct size should be

stable for many weeks before such reactivation becomes
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necessary."

(APHA 1975, p. 426).

Place 10 ml unfiltered sample in 125 ml rubber-capped

Erlenmeyer

flask.
D.

Add 15 ml oxidizer, mix.

E.

Autoclave (120°C) for 30 minutes.

F.

Adjust volume to 100 ml with disti1led-deionized water by transferring sample with successive washings to 100 ml graduated
cylinder.

Return sample to Erlenmeyer.

G.

Adjust pH to 8-9 w i t h 1 N HC1 (measure with pH electrode).

H.

If sample is turbid, f i l t e r through

I.

Discard 20 ml.

J.

Add 2 mis concentrated

K.

Pass through cadmium columns, discarding first 25 ml.

GF/C.

NH.C1, mix.

Collect

next 50 ml.
tr

Pour 50 ml sample back into Erlenmeyer to which 1 ml of
sulfan3lamide has been added.

M.

Allow reaction to proceed for 2 to 8 minutes.

N.

Add 1 ml of N-(1-naphthyl)-ethylenediamine dihydrochloride.

0.

Allow color to develop at least 10 minutes but no longer than
2 hours.

P.

Read absorbance at 5^3 nm in 1 cm cell.

Read absorbance of

one set of standards prior to samples and one set after samples.
Q.

To calculate total N concentration of samples, generate
regression of absorbance vs. concentration of standards.
Enter above-determined absorbance values of samples and report
total N concentration.
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IV.

Notes
A.

Standards and spikes are made on day of analysis.

B.

If concentration of total N in sample is greater than highest
standard, it should be d i l u t e d with disti1led-deionized water
and re-analyzed.

C.

Analysis is conducted on unfiltered samples which have been
frozen.

D.

Oxidizer should be made immediately prior to use.

E.

Samples preserved with HgCl ? should not be placed into cadmium
columns.

F.

It is unnecessary to regulate flowrate through the columns
(personal communication, J. Shapiro, University of Minnesota,
Minneapolis) .
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Procedure for Determination of Dissolved Phosphorus (After method of
c *nckland

I.

and Parsons 1972 and Goldman 1974)

Basis of Method
Acid hydrolysis at 120°C of filtered water samples releases orthophosphate from dissolved phosphorus compounds, such as condensed
phosphate (pyro-, tripoly- and higher molecular weight species),
organic phosphorus compounds, and polyphosphates

(Goldman 1974,

pp. 387-392). This method of analysis includes dissolved acidhydrolyzable phosphorus and orthophosphate.

The orthophosphate

released is then converted to a phosphomolybdate complex which is
reduced by ascorbic acid to molybdenum blue.

This compound is

then analyzed color(metrically (Strickland and Parsons 1972,
PP. ^9-52).
We employ standards in the range between 0 and 50 yg P - l
mean recovery of a 5 yg P - l

spike to lake water fs 4.8 yg P - l

with a standard deviation of 0.7 yg P - l
interval of 4.6 to 5.0 yg P - l

. The

and a 95? confidence

. The l i m i t of detection is

approximately 1 yg P - l
I I.

Reagents and Standards
A.

10.8 N H2SO^
Dilute 300 ml of concentrated H_SO, (analytical reagent grade)
to 1000 ml with d i s t i 1 l e d - d e i o n i z e d water (add acid to water).

B.

10.8 N NaOH
Dissolve 432 g NaOH (analytical reagent grade) in 1000 ml
disti1led-deionfzed water.
react ion) .

(Caution - this is an exothermic

Molybdenum-ant imony
Add 2kk ml concentrated sulfuric acid (H_SO.) to approximately
1500 ml distMled-defonized water.

Cool.

Add 21.00 g ammonite

molybdate (analytical reagent grade) and 0.60 g antimony
potassium tartrate (analytical reagent grade).
up to 2000 ml with disti1led-deionized water.

Bring volume
Store in brown

bottle at room temperature.
Ascorbic acid
Add 3.00 g ascorbic acid (analytical reagent grade) to 100 ml
disti1led-deionized water.

Make on day of analysis; do not

store.
Standards and spike
1.

Stock standard (100 mg P - l

)

Dissolve 0.4393 ± 0.0002 g KHLPO, (analytical reagent
grade) (oven-dried to constant weight at 105°C) in 1000 ml
disti1led-deionized water.
2.

Working standards
Prepare from 100 mg P - l

3.

stock standard and store.

a.

0.1 ml of 100 mg P - 1,-1
2000 ml

b.

0.2 ml of 100 mg P - 1
2000 ml

c.

0.6 ml of 100 mg P - l
2000 ml

d.

1.0 ml of 100 mg P - l
2000 ml

Spike

5 yg P-l

-1

=

10 yg P - l

=

30 yg P - l

=

50 yg P - l

-1

-1

-1

-1
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Dilute 0.5 ml of 100 mg P - l -1
= 250 yg P - l
200 ml
a.

Remove 1 ml of sample to be spiked.

b.

Add 1 ml of 250 yg P - l

to obtain 5 yg P - l

in sample

(sample size 50 ml).
1.0 ml of 250 yg P - l -1
50 ml

5 yg P - l

I I I . Procedure
A.

Filter 50 ml of sample through disti 1 led-deionized water washed
GF/C glass fiber filter into 125 Erlenmeyer flask with autoclave
cap.

B.

Change filter between each sample.

Add 0.5 ml of 10.8 N H2SO^, mix.

C. Autoclave at 115-120°C for 15 minutes.
D.

Cool to room temperature.

E. Add 0.5 ml 10.8 N NaOH, mix.
^_.

F. Add 5 ml molybdenum-antimony, mix.
G. Add 0.5 ml ascorbic acid, mix.
H.

Allow color to develop for 30 minutes.

I.

Read absorbance at 675 nm in a 10 cm cell.

Read absorbance of

one set of standards prior to samples and one set after samples.
J.

To calculate dissolved phosphorus concentrations, generate
regression of absorbance vs. concentration of standards. Enter
above determined absorbance values of samples and report
dissolved phosphorus concentrations.

IV.

Notes
A.

Standards and spikes may be stored, in glass, at room
temperature.

B.

If concentration of phosphorus in sample is greater than high
standard, it should be diluted with disti1led-deionized water
and re-analyzed.

C.

Analysis is conducted on samples which have been frozen withou*
filtration and thawed and filtered immediately prior to
analys i s.
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edure for Determination of Extractable Phosphorus (After method of
ger-'-i and Nelson

1966)

Basis of Method
Surplus or stored phosphorus compounds, as a result of luxury uptake
of orthophosphate, can be detected in algal cells by b o i l i n g in
Tris buffer and analyzing the extract for orthophosphate (Fitzgerald
and Nelson 1966).

The analysis is done on cells filtered onto GF/C

glass fiber filters (personal communication, J. Shapiro, University
of Minnesota, Minneapolis).
We employ standards ranging between 0 and 50 yg P - l
of 1 g-1

Tris and a blank filter have been added.

to which 1 ml
The l i m i t of

detection is approximately 1 yg P - l
Reagents and Standards
A.

"ris buffer
Add 0.1 g Tris to 100 ml disti1led-deionized water.

B.

Make daily.

Molybdenum-antimony
Add 2l\k ml concentrated sulfuric acid (H~SO.) to approximately
1500 ml d i s t i 1 l e d - d e i o n i z e d water.

Cool.

Add 21.00 g ammonium

rnolybdate (analytical grade) and 0.60 g antimony potassium
tartrate (analytical grade).
disti1led-deionized water.
C.

Bring volume up to 2000 ml with
Store in glass at room temperature.

Ascorbic acid
Add 3.00 g ascorbic acid (analytical grade) to 100 ml d i s t i l l e d deionized water.

D.

Make on day of analysis; do not store.

Standards and spike
1.

Stock standard (100 mg P - l ~ )

r
Dissolve O.A393 ± 0.0002 g KH PO, (analytical grade)(ovendried to constant weight at 105°C) in 1000 ml d i s t i l l e d deionized water.
2. Working standards
Prepare from 100 mg P-l

stock standard and store.

0.1 ml of 100 mg P - l,-1
2000 ml

a.

I •" 1

b-

0.2 ml _____
of 100 mg P - l

c.

0.6 ml of 100 mg P - l
2000 ml

5 yg
_

1nimp.r1

10 yg P 1

-1

= 30 yg P - l

d. ""1.0 ml of 100 mg P - l,-1
•
2000 ml

-1

-1

r.
=

D .-1
50ygP-l

3- Spike
Dilute
0.5 ml of TOO mg P - l
200 ml
a.
b.

-1

= 250 yg P - l -1

Remove 1 ml of sample to be spiked.
Add 1 ml of 250 yg P - l

to obtain 5 yg

-1

n

sample (sample size 50 ml).
1.0 ml oF 250 yq

50 ml

,— I

5 yg

-1

I I I . Procedure
A.

Filter replicate water samples (100 to 500 ml) through
disti11ed-deionized water washed GF/C glass fiber filters.
Wrap filters i n d i v i d u a l l y in a l u m i n u m foil packets, marked with
date, station and volume filtered. Freeze in a i r t i g h t containers
to store.

8.

Add 1 ml Tris and filter to be analyzed to 50 ml of d i s t i l l e d deion ized water in autoclave-capped Erlenmeyer flask (125 ml).

'C. Add 1 ml Tris and blank GF/C filter to 50 ml of standard in
autoclave-capped Erlenmeyer flask.
D.

Boil gently on hot plate for 60 minutes.

E. Cool.
F. Transfer sample or standard to 50 ml graduated cylinder and
bring up to 50 ml with disti1led-deionized water.
G.

Filter through disti1led-deionized water rinsed GF/C.

H. Analyze for orthophosphate.
1.

Add 5 ml molybdenum-antimony, mix.

2.

Add 0.5 ml ascorbic acid, mix.

3.

Allow color to develop for 30 minutes.

k.

Read absorbance at 675 nm in a 10 cm cell. Read absorbance
of one set of standards prior to samples and one set after
samples.

5. To calculate extractable phosphorus concentration, generate
regression of absorbance vs. concentration of standards.
Enter above-determined absorbance values of samples and
report concentrations.
Notes
A.

Standards and spikes may be stored, in glass.

B.

If concentration of phosphate in sample is greater than highest
standard, the sample should be diluted with disti1led-deionized
water and re-analyzed.

REFERENCES

Fitzgerald, G.P. and T.C. Nelson. 1966. Extractive and enzymatic
analyses for l i m i t i n g or surplus phosphorus in algae. J. Phycol
2:32-37.
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Procedure for Determination of Orthophosphate (PO.-P) (After method of
f

I.

;kland and Parsons 1972 and Goldman 1974)
Basis of Method
Orthophosphate and molybdate react to form a phosphomolybdate
complex which is reduced to molybdenum blue by ascorbic acid
(Strickland and Parsons 1972, pp. 4g-52, Goldman 1974, pp. 392393).
We employ standards in the range between 0 and 50 yg P - l -1
mean recovery of a 5 yg P'l

The

spike to lake water was 5-0 yg P - l

with a standard deviation of 0.4 yg P'l
and a 95% confidence
_i
interval of 4.9~5.1 yg P'l . The l i m i t of detection is approximately 1 yg P - l

.

Reagents and Standards
A.

Molybdenum-antimony
Add 244 ml concentrated sulfuric acid (hLSO.) to approximately
1500 ml disti1led-deionized water.

Cool. Add 21.00 g ammonium

molybdate (analytical grade) and 0.60 g antimony potassium
tartrate (analytical grade).
distf1led-deionized water.

Bring volume up to 2000 ml with
Store in glass at room temperature.

B. Ascorbic acid
Add 3.00 g ascorbic acid (analytical grade) to 100 ml d i s t i l l e d deionized water.
C.

Make on day of analysis; do not store.

Standard and spike

1.

Stock standard (100 mg P - l ~ )
Dissolve 0.4393 ± 0.0002 g KH^O^ (analytical grade) (ovendried to constant weight at 105°C) in 1000 ml d i s t i l l e d deionized water.

g 1
2.

Working standards
Prepare from 100 mg P - l

a.

stock standard and store,

0.1 ml of 100 mg P - l,-1
2000 ml

5 yg

b0.6 ml of 100 mg P - 1
2000 ml

-1

,-1

3.

30

P'l

-1

. 5 0 p g p .,
-l

Spike
0.5 ml of 100 mg P - l
200 ml

250 ug P - l

a.

Remove 1 ml of sample to be spiked.

b.

Add 1 ml of 250 yg P - l " 1 to obtain 5 Ug P - l ' in
sample (sample size 50 ml).
1.0ml of 250ygP.r] ,

50 ml

5vgP.,-l

Procedure

A.

Filter 50 ml of sample through disti1led-deionized waterwashed GF/C glass fiber f i l t e r into a 125 ml rubber-capped
Erlenmeyer flask.

Change filter between each sample.

B.

Add 5 ml molybdenum-antimony, mix.

C.

Add 0.5 ml ascorbic acid, mix.

D.

Allow color to develop for 30 minutes.

E.

Read absorbance at 675 nm in a 10 cm cell.

Read absorbance

of one set of standards prior to samples and one set after
samples.
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F. To calculate PO.-P concentratfon, generate regression of
absorbance vs. concentration of standards.
'**—-•

Enter above

determined absorbance values of samples and report PO.-P
concentrat ion.

IV.

Notes
A.

Standards and spikes may be stored, in glass, at room temperature.

B.

If concentration of phosphate in sample is greater than highest
standard, it should be diluted with disti1led-deionized water
and re-analyzed.

C. Analysis is conducted on samples which have been frozen without
filtration and then thawed and filtered immediately prior to
analysis.

REFERENCES

Goldman, C.R. 197^- Eutrophication of Lake Tahoe emphasizing water
quality. EPA-600/3-7k-03k. U.S. Govt. Printing Office, Washington,
D.C. 408 pp.
Strickland, J.D.H. and T.R. Parsons. 1972. A practical handbook of
seawater analysis. 2nd ed., B u l l e t i n of the Fisheries Research Board
of Canada. No. 167- Ottawa. 311 pp.
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Procedure for Determination of Particulate Phosphorus
Basis of Method
The amount of phosphorus contained in the particulate fraction of
water sample can be analyzed by a persulfate digestion of material
retained on a GF/C filter and subsequent determination of orthophot.
phate in the digest (personal communication, R. Prentki, University
of Nevada, Las Vegas). We employ standards ranging between 0 and
100 yg P - l " 1 to which a blank GF/C filter has been added.
Reagents and Standards
A.

Ammonium persulfate
Add 24.0 g ammonium persulfate (analytical reagent grade per
1000 ml disti1led-deionized water (1.2 g per 50 ml); this
w i l l do 20 samples.

Make immediately before use; do not store.

B. Molybdenum-antimony
Add 2kk ml concentrated sulfuric acid (^SOjj) to approximately
1500 ml dlsti1led-deionized water.

Cool.

Add 21.00 g ammon-

ium molybdate (analytical reagent grade) and 0.60 g antimony
potassium tartrate (analytical reagent grade).

Bring volume

up to 2000 ml with d i s t i 1 led-deionized water.

Store in brown

bottle at room temperature.
C. Ascorbic acid
Add 3-00 g ascorbic acid (analytical reagent grade) to 100 ml
disti1led-deionized water. Make on day of analysis; do not
store.
D.

Standards

I
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Stock standard (100 mg P-]~ )
Dissolve 0.1*393 ± 0.0002 g KH PO, (analytical reagent
grade) (oven-dried to constant weight at 105°C) in
1000 ml disti 1 led-deionized water.
Working standards
Prepare from 100 m g - l

stock standard and store.

a.

0.1 ml of 100 mg P - l
2000 ml

b.

0.2 ml of 100 mg P-l
2000 ml

c-

0.6 ml of 100 mg P'l
2000 ml

:> ug r - i -1
"1

.

.-1
M9

"1

_

.-1
;>u ug r i

e.

II

Procedure
A.

Filter replicate or triplicate water samples (500 to 1000 m l ,
see Appendix A) through disti1led-deionized water washed
GF/C glass fiber filters. Wrap filters i n d i v i d u a l l y in
aluminum foil packets, marked with date, station, and volume filtered. Freeze in airtight containers to store.

B.

Add filter to be analyzed to 50 ml ammonium persulfate in
autoclaved-capped Erlenmeyer flask (125 ml).

C.

Add disti1led-deionized water washed blank GF/C filter to
50 ml ammonium persulfate in autoclaved-capped Erlenmeyer
flask (125 ml) .

D.

Add 1.2 g ammonium persulfate and 1 disti1led-deionized water
washed blank GF/C filter to 50 ml of each standard in
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autoclaved-capped Erlenmeyer flask (125 ml).
E.

Autoclave at 1I5-120°C for 30 minutes.

F.

Cool to room temperature.

G.

Filter samples through disti1led-deionized washed GF/C filter
to remove filter fibers.

It is unnecessary to change f i l t e r

between samples, but filter must be washed between samples with
disti1led-deionized water.
H.

Bring volume of samples up to 50 ml and d i l u t e samples with
distiJled-deionized water in 50 ml graduated cylinder (see
Append!x A).

I.

Bring volume of blanks and standards up to 50 ml and filter.

J.

Analyze for ortho-phosphate.
1.

Add 5 ml molybdenum-antimony, mix.

2.

Add 0.5 ml ascorbic acid, mix.

3.

Allow color to develop for 30 minutes.

k.

Read absorbance at 675 nm in a 10 cm cell.

Read absorbancc

of one set of standards prior to samples and one set after
samples.
5.

To calculate particulate phosphorus concentration, generate
regression of absorbance vs. concentration of standards.
Enter above-determined absorbance values of samples, and
determine concentration of phosphate in samples. Using
factors in Appendix A, correct values and report concentre
t ions.

IV.

Notes
A.

Standards may be stored, in glass.

B.

If concentration of phosphate in sample is greater than

highest standard, the sample should be diluted further with
disti1led-deionized water and re-analyzed.
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APPENDIX A
For Lake Mead water samples taken from stations 2, 3, **, 5 and 8, the
volumes filtered, dilutions, and calculation correction factors based
on volumes filtered and d i l u t i o n s are given below:
Factor

Station

Volume (ml)

Di lut ion

2

500

1:25

25 X 50
500

3

500

1 :10

10 X 50 _ 1.0
500

1000

1:10

10 X 50
1000

1000

1:10

10 X 50 _
0.5
1000

1000

1:2

2 X 50 = 0.1
1000

2.5

0.5

Example :
If concentration of phosphate in sample digest of Station 8
determined from regression of absorbance vs. concentration of standards (as in J.5-, above), is 3^ yg P - l

, the amount of particulate

phosphorus in the lake water sample is:

3** yg P'l"1 X 0.1 = 3.^+ yg P'l" 1
Note:

The above values for amount filtered and dilutions are approximations and should be adjusted as necessary, depending on
particulate phosphorus concentrations of samples.

155
3 rocedure

sf
I.

for Determination of Total Hydrolyzed Phosphorus (After methods

ckland and Parsons 1972 and Goldman 1974)
Basis of Method
Acid hydrolysis at 120°C releases condensed phosphates (pyro-,
tripoly-, and higher molecular weight species such as hexametaphosphate), organic phosphorus compounds, and polyphosphates
(Goldman 1974, pp. 387-392). The ortho-phosphate released is then
converted to a phosphomolybdate complex which is reduced by ascorbic
acid to molybdenum blue. This compound

is then analyzed colori-

metrically (Strickland and Parsons 1972, pp. 49-52).
We employ standards in the range between 0 and 50 yg P - l
mean recovery of a 5 yg P - l

spike to lake water is 4.8 yg P - l

with a standard deviation of 0.6 yg P - l
interval of 4.6 to 5.0 yg P - l

. The

and a 95% confidence

. The l i m i t of detection is approx-

imately 1 yg P - l
I I.

Reagents and Standards
A.

Molybdenum-antimony
Add 244 ml concentrated sulfuric acid (HLSO.) to approximately
1500 ml disti1led-deionized water.

Cool. Add 21.00 g ammonium

molybdate (analytical reagent grade) and 0.60 g antimony
potassium tartrate (analytical reagent grade).

Bring volume

up to 2000 ml with disti1led-deionized water.

Store in glass

at room temperature.
B. Ascorbic acid
Add 3-00 g ascorbic acid (analytical reagent grade) to 100 ml
disti1led-deionized water.

Make on day of analysis; do not store,
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10.8 N H2SO/)
Dilute 300 m] of concentrated H-SO, to 1000 ml with d i s t i l l e d deionized water (add acid to water).
10.8 N NaOH
Dissolve 432 g NaOH in 1000 m] disti1led-deionized water.
(This is an exothermic reaction.)
Standards and spike
1.

Stock standard (100 mg P - l ~ )
Dissolve 0.^393 ± 0.0002 g Kh^PO^ (analytical grade) (ovendried to constant weight at 105°C) in 1000 ml d i s t i l l e d deionized water.

2.

Working standard
Prepare from 100 mg P - l

a.

stock standard and store.

Q.l ml of 100 mg P - 1,-1
2000 ml

5 yg

bc.

0.6 ml of 100 mg P - 1
2000 ml

"1

,-1

. 5 0 H g p .,-,
3.

Spike

0.5 ml of 100 mg P - l "
200 ml

_

_ .-1
p

My

a.

Remove 1 ml of sample to be spiked.

b.

Add 1 ml of 250 yg P - l

to obtain 5 ug

sample (sample size 50 ml).
1.0 ml of 250 yg
50 ml

5 yg P - 1 -1

in
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III.

Procedure
A.

Place 50 ml of unfiltered lake water sample into 125 ml
Erlenmeyer flask with autoclave cap.

B.

Add 0.5 ml of 10.8 N H2SO., mix.

C.

Autoclave at 115-120°C for 15 minutes.

D.

Cool to room temperature.

E.

Add 0.5 ml 10.8 N NaOH, mix.

F. Add 5 ml molybdenum-antimony, mix.
G. Add 0.5 ml ascorbic acid, mix.
H.

Allow color to develop for 30 minutes.

I.

Read absorbance at 675 nm in a 10 cm cell.

Read absorbance of

one set of standards prior to samples and one set after samples.
J.

To calculate total phosphorus concentrations,

generate

regression of absorbance vs. concentration of standards.
Enter above determined absorbance values of samples and report
total phosphorus concentrations.
IV.

Notes
A.

Standard and spikes may be stored, in glass, at room temperature.

B.

If concentration of phosphorus in sample is greater than
highest standard, it should be diluted with d i s t i l l e d deionized water and re-analyzed.

C.

Analysis is conducted on unfiltered samples which have been
frozen.
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REFERENCES

Goldman, C.R. 197**. Eutrophication of Lake Tahoe emphasizing water
quality. EPA-660/3-7^-034. U.S. Govt. P r i n t i n g Office, Washington
D.C. *»08 pp.
Strickland, J.D.H. and T.R. Parsons. 1972. A practical handbook of
seawater analysis. 2nd ed., Bulletin of the Fisheries Research
Board of Canada. No. 167. Ottawa. 311 pp.
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Procedure for Determination of S i l i c a (After APHA 1975)
Basis of Method
At pH 1.2, ammonium molybdate reacts with s i l i c a and phosphate to
form molybdosi1icic acid and molybdophosphoric acid, respectively
(APHA 1975, PP. 487-490). The concentration of "molybdate-reactive"
silica is proportional to the yellow color of the molybdosi1icic
acid. An optional step unnecessary for Lake Mead samples can be
used to convert any "molybdate-unreactive" silica.

Interference

by the presence of molybdophosphoric acid is eliminated by the
addition of oxalic acid, which does not affect the silica compound.
Interference from color or turbidity in the sample can be eliminated
by zeroing the spectrophotometer with sample blanks containing all
reagents except ammonium molybdate or by measuring the absorbance
and subtracting from absorbance of samples.
We use standards ranging from 0 to 20 mg S i - 1
1 mg S i - 1

. Recovery of a

spike to lake water samples yields a mean concentration

of 0.9 mg S i - 1

with a standard deviation of 0.2 mg S i - 1

95% confidence interval of 0.8 to 1.0 mg S i - 1

and a

. The l i m i t of

detection is approximately 0.5 mg S i - 1
Reagents and Standards
A. Ammonium molybdate
Dissolve 10.0 g (NH.)/. MOyO^. •zfH20 (analytical reagent grade)
in 100 ml disti1led-deionized water, with stirring and gentle
warming on hot plate/stIrrer.

Filter if cloudiness develops.

Adjust pH to 7-8 with NH-OH or NaOH to prevent precipitation.
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Store in polyethylene bottle at room temperature (do not store
in glass).
Oxalic acid
Dissolve 10.0 g H2C.O,-2H 0 (analytical grade) in JOO ml
disti1led-deionized water.

Store in polyethylene at room

temperature.
Hydrochloric acid (50%)
Dilute concentrated hydrochloric acid 1:1 (vol:vol) with
disti1led-deionized water.

Store in polyethylene at room

temperature.
Standards and spike
1.

Stock standard (store in polyethylene) (1000 mg S i - 1
May be purchased in "Dilute-it" ampoules

2.

3.

Working standards (store in polyethylene)
a.

1 ml of IQOO mg S ? • 1,-1
1000 ml

1 mg S i - 1

b.

-1
5 ml of 1000 mg S?• 1
=
1000 ml

5 mg S i • 1

c.

,-1
10 ml of 1000 mg Si - 1
lri
-1000 ml 9- = 3°

d.

20 ml of 1000 mg Si - l "
-]000 m]
--

-1

-1

_ft
c. ,-1
20 mg S i - 1

Spike (store in polyethylene)
5 ml of___J2
1000 mg S f - l

, cn
50

c.
mg S , -

a.

Remove 1 ml from sample to be spiked.

b.

Add 1 ml of 50 mg S i - 1
1 mg Si • 1

spi ke.

to 50 ml sample to get

)
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1 ml of 50 mg S i • 1
50 ml

-1

= 1 mg S i • 1

Procedure
A.

Place 50 ml of unfiltered lake water in 125 ml Erlenmeyer
flask.

B. Add in rapid succession 1 ml HC1 and 2 ml ammonium molybdate,
mix.
C. Wait 5 minutes.
D. Add 1.5 ml oxalic acid, mix.
E. Wait 2 minutes.
F.

Read absorbance within 15 minutes at ^10 nm in 1 cm cell. Read
absorbance of one set of standards prior to samples and one
set after samples.

G.

Generate regression of absorbance vs. concentration from
standards; enter above-determined absorbance values of samples
and report Si concentrations.

IV,

Notes
A.

Standards and spike are to be stored in polyethylene containers.

B.

If concentration of s i l i c a in sample is greater than highest
standard, it should be d i l u t e d and re-analyzed.

C.

Analysis is conducted on unfiltered samples which have been
frozen.

D.

It is best to avoid using soft-glass (borosi1icate) containers
to hold reagents since contamination with s i l i c a results.
However, samples, blanks, and standards are treated identically
so any possible contamination w i l l be accounted for, during
the analysis.

162
E.

We use 125 ml Erlenmeyer flasks for reaction vessels, and not
platinum crucibles (personal communication, J. Shapiro, Univer.

I

sity of Minnesota, Minneapolis).

REFERENCES

APHA.

1975- Standard Methods for the Examination of Water and Wastewater. ]4th ed., American Public Health Association. Washington,
D.C. 1193 PP.
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'rocedure for Measurement of Total and V o l a t i l e Suspended Solids (After
\PH/> '975)

I.

Basis of Method
Suspended solids is the term used to describe residue or material
contained in a water sample which is retained by a filter (in t h i s
case, a GF/C glass fiber filter).

A known volume of water is

filtered onto a GF/C filter that has been precombusted for 6-8 hours
in a muffle furnace at 550°C, to remove any volatile inorganic
and organic matter.

The filter is dried for 6 to 8 hours at 105°C

to a constant weight and weighed to nearest 0.1 mg (APHA 1975,
pp. 96-98).

The filter is combusted at 550°C in a muffle furnace

for 15 minutes and weighed again (APHA, pp. 96-98).

The loss in

weight by this treatment is due to the combustion of residue known
as volatile suspended solids.
I I. _ Materials

111.

A.

GF/C glass fiber filters, 42.5 mm diameter

B.

Forceps for handling filters

C.

Graduated cylinders (200-1000 ml capacity)

D.

Aluminum weighing dishes

E.

Desiccator containing CaSO, indicator desiccant

F.

Drying oven

G.

Muffle furnace (Thermolyne and Thermolyne Furnatrol I)

H.

Analytical balance capable of weighing to 0.1 mg

Procedure
A.

GF/C glass fiber filters in aluminum weighing dishes appropriately marked with sample identification are precombusted in

a muffle f;j".-aci -.-. \\.
B.

Filters in '.%e'r-

; £:

= -^ :";:=; i n a desiccator

they can b

Filters

in a dry place,
C.

tttr*

u n t i l uso.

Replicate 2!> :: :;:—

;:-e-;'-; en solids

lake water sa~:";;

-;=c-ated water

filtered or,:: :-; :-i-.-_— _:-_^ lr : -"Iters (hand "<v
with forceps — ;-^ ^-- - -_-_- :-ea-.3ge or con t.r-

D.

fingers) arc '*-

aluminum

Filters

to dryin

r,

es -;--

at 105°C for 5 :: : -;.-; _- :
E.

Each f i l t e
cannot be v,e::-=c

:--s:ant

weight

-=a-25t 0.1 mg;
should be s

desiccator.
Filters are :-=
550°C fo

.-nace and
- -: :esiccator

to analytics' -.-.-.--.-- ----_ -= -_ :- = ; to nearest
Calculations
Total sus:e~c=: sc
:er

V o l a t i I e s.
"550°C

"
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APHA.

1975- Standard Methods for Examination of Water and Wastewater.
l^th ed., American Public Health Association. Washington, D.C.
1193 PP.
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Procedure for Determination of Particulate Carbon, Nitrogen, and
Hydrogen in Water Samples
I.

Basi s of Method
Seston is analyzed for carbon, nitrogen and hydrogen content in
a CHN analyzer, an automated combustion instrument for the laboratory determination of carbon, nitrogen, and hydrogen in materials
dissociable at temperatures below 1100°C.

The operating cycle of

the instrument is divided into three stages:
and absorption.

purging, combustion,

During purging, a stream of helium displaces at-

mospheric gases trapped in the combustion chamber.

During combus-

tion, the sample is converted to its elemental constituents (Eq. 1)
which combine with oxygen, supplied from an oxygen stream.

During

absorption, the gaseous combustion products are swept in the absorption chamber where hydrogen (as H20) , carbon (as CC^), and
nitrogen (probably as N02) are selectively absorbed.

Detection of

constituents is by differential thermal conductivity, i.e., difference between the thermal conductivity of the gas and that of
the h e l i u m carrier gas.

Interferences by halogens and sulfur are

removed by chemicals in the combustion tube.

The operating cycle

of the analyzer is 13 to 15 minutes.
1100°C
Eq. 1

02 + CNH20

C02 + H20 + N02

Lake water seston is filtered onto pre-combusted (550°C in muffle
furnace) GF/C glass fiber fi 1 ters, dried at 105°C, and combusted in
the CHN analyzer at 600°C.

The low combustion temperature is re-

quired to keep the filters from melting.
Note:

See Appendix A for operational procedure of CHN.
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Materials
A.

Elemental analyzer (Perkin-Elmer Model 240B)

B.

Muffle furnace (Thermolyne and Thermolyne Furnatrol l)

C.

Drying oven (capable of maintaining temperature to w i t h i n

± ro
D. Analytical electrobalance (e.g. Cahn 21 Automatic Electrobalance, see Appendix B.)
E.

Gases:

He (99.9999% purity - from Matheson Gas Company)
02 (99-99% purity - from Matheson Gas Company)

F.

Desiccator with dry CaSO. indicating desiccant

G.

F i l t e r i n g apparatus capable of holding k.2$ cm filters
(e.g. M i l l i p o r e R )

H.

GF/C glass fiber filters 4.25 cm (e.g. Whatman)

I.

Acetanilide standard for C, H, and N (purchased from
Perkin-Elmer)

J. Microspatula (Hayman, purchased from Perkin-Elmer) for transferring acetanilide standard
K. Platinum boats (purchased from Perkin-Elmer) for combusting
standard
L,

Cahn forceps for transferring standards to and from Cahn
electrobalance

M.

Brushes for cleaning platinum boats (commercial artist's
brushes are adequate)

N.

Ladle (made by Perkin-Elmer on special order) to transfer
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filters to combustion chamber of elemental analyzer
0. Aluminum weighing dishes
III.

Procedure
Note:

See Appendix C for sequence of analysis of standards,
standard blanks, filter blanks, samples and sample blanks.

A.

Sample preparation
1.

Combust GF/C glass fiber filters for samples, standards
and filter blanks, if they are to be run, in aluminum
weighing dishes in muffle furnace at 550°C for 6-8 h.

2.

Filter samples of lake water through ashed filters in
quantities sufficient to deposit an estimated 1-3 mg
organic matter (in Lake Mead, usually 0.5 to 2 1). F i l ter in triplicate.

3.

Using forceps, carefully roll filters (avoid touching
filters with fingers) and place each filter in separate
aluminum foil packet.

Label with sample date and station,

volume filtered, and replicate number.
k.

freeze filters to store.

5.

Prior to CHN analysis, partially open packets and dry at
105°C in drying oven (2-2k h).

Store in desiccator until

analysis.
6.

Dry blank, pre-combusted GF/C filters at 105°C in drying
oven (2-24 h) for use with standards, and as filter
blanks if needed.

B.

Store in desiccator until use.

Standard and standard blank determinations
1.

Weight determination of standard
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a.

Refer to instruction manual for Cahn balance, and
Appendix B (balance should remain on).

b.

Replace desiccant in balance at least daily or more
often if necessary.

c.

Re-calibrate balance daily according to instruction
manual.

d.

Tare balance to 0 mg with 210 mg tare weights (this
maximizes balance sensitivity in presence of 200 mg
sample boats).

If

e. Set response power switch to 0 (on electrobalance).
f.

Place an empty boat which has been stored in desiccator on clean paper positioned in front of balance.
Place standard into boat with clean microspatula.
Remove any particles on boat exterior with brush.
Note:

Never add more than 3 mg standard to boat
since the CHN analyzer w i l l malfunction
and w i l l not yield any data.

g.

Place boat with standard back into balance.

Record

weight after about 1 minute.
Note: When removing an item from balance tray, first
lift item carefully with no horizontal movement, pause, and then remove item from tray.
Otherwise, balance tray may be damaged,
h.

Place ashed, blank GF/C filter on clean paper positioned in front of balance. Place standard from
boat (g, above) onto filter.

Reweigh boat and cal-

culate weight of standard; carefully roll filter and

170
follow procedure outlined in 2, below.
2.

CHN analysis
a.

Turn chart recorder speed switch on (chart speed
20 cm'h'1).

b.

Using forceps, place f i l t e r containing standard in
ladle (contained in combustion tube of CHN analyzer)
touching only the end of the ladle handle.

c.

Place ladle with filter and standard in cool zone of
combustion tube.
Note:

Always store ladle in combustion tube.

d.

Press START button (it should light).

e.

When INJ-COMB l i g h t comes on (after 2 minutes and 20
seconds, START l i g h t goes off), move ladle into combustion zone w i t h magnet provided and press INJ-COMB
button (START Light comes back on).

f. When READOUT Light comes on:
i.
ii.

confirm that chart recorder is on,
retract ladle to cool position in combustion
tube,

iii.

use fine zero (on CHN) to adjust N, C, and H
baselines (in that order) to between 5 and 10%
of full scale.
Note:

It may be unnecessary to readjust zeroes
more than once d a i l y .

g.

About 3 to 5 minutes after READOUT l i g h t goes out, it
w i l l come on again. Attenuate the recorder signals
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with N, C, and H ATTENUATION switches (on CHN) as
required to keep pen on scale.
values.

Record ATTENUATION

If samples with similar N, C, and H con-

tents w i l l be analyzed next, attenuation switches
may be left at these positions.

Otherwise, return

them to lowest positions.
Note:

If ladle is not moved to cool position in
combustion tube at first readout, allow it
to cool for at least k minutes before introducing the next sample, standard, or blank.
Contamination of system may otherwise result,

h.

The CHN analyzer must be pre-conditioned with two
standards prior to recording data.

Run 2 standards

of approximately 2 to 3 rng and then run 2 standards
of known weight.

Calculate machine sensitivities

using data from latter two runs (see IV. below),
i.

To run standard blank, re-insert standard without
opening combustion tube.

c.

Filter blank determinations
1.

To determine filter blanks, roll an ashed GF/C filter,
place it in the ladle, and follow the CHN analysis
procedure outlined in B.2, above.

2.

The CHN analyzer must be pre-conditioned with two
ashed, blank GF/C filters, prior to recording data.
Use data only from the last two runs in calculations.
Note:

Filter blanks should be analyzed in duplicate
on each new box of filters.
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D.

Sample and sample blank analysis
1.

Precondition CHN analyzer with two samples.
Note:

For Lake Mead water samples, use the third of
3 replicate filters from each of two stations
closest to station from which first sample is
taken.

2.

Analyze 5 to 10 filters, run replicates from each station
in sequence.

3.

Analyze a sample blank by re-inserting the last sample in
the above sequence (2) without opening the combustion
tube.

k. After blank analysis, re-equilibrate machine with 2 f i l ters (again using the third of three replicate filters
from each of the two stations closest to station from
which last sample was taken).
E.

End-of-day shut-down of system
1.

Clean all platinum boats with brush.

2.

Manually rotate programmer wheel clockwise to position 9-

3. Turn off recorder and cap pen.
k.
IV.

Do riot turn off gas supplies.

Calculations (see Appendices D and E)
A.

Calculate sensitivities (yV.yg~') of C, N and H based on
standard (acetani1ide) analysis according to instructions on
Calibration Data Sheet (Appendix D).

B.

Calculate yg C, yg N, and yg H in filter blanks according to
instructions on Data Sheet for Samples (Appendix E).
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C.

Calculate yg C, yg N, and yg H in samples according to instructions on Data Sheet for Samples (Appendix E).

D. Subtract blank yg C, yg N, and yg H in filter from yg C, yg N,
and yg H in samples.
E.

Divide yg C, yg N, and yg H by volume filtered in liters to
get yg C-T 1 , yg N'T1, and yg H'l"1.
il !
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REFERENCES

Instruction Manual for Cahn 21 Automatic Electrobalance.
Cerritos, C a l i f o r n i a , U.S.A.

Cahn Instrument-

Instruction Manual for Perkin-Elmer Model 240B Elemental Analyzer. 1978.
Perkin-Elmer, Norwalk, Connecticut, U.S.A.
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APPENDIX A
OPERATION OF PERKIN-ELMER MODEL # 240B
FOR GLASS FIBER FILTERS

Verify gas pressure; do not change pressure settings.
a.

Helium = 18 PSI, minimum 200 PSI in tank

b.

Oxygen s 42 PSI, m i n i m u m 200 PSI in tank

Verify that DET RESET light is off.
button in quickly and release.
tion.

If on, press DET RESET

Do not hold in depressed posi-

If l i g h t goes out, it is okay to proceed.

If l i g h t stays

on, do not proceed u n t i l problem is identified and corrected.
Turn on recorder power.

At least 0.5 h warm-up period is needed

to establish steady baseline.
Make following preliminary control settings
a.

PROGRAMMER SWITCH - should be on DETECT

(DET)

b.

PROGRAMMER INDEX WHEEL - rotate clockwise from position 9 to
position 0.

c.

Confirm DET RESET l i g h t s t i l l off.

d.

Confirm COMBUST control is at 600°C (^2.0 on Dial).

e.

Confirm REDUCE cdntrol is at 650°C (^4.5 on Dial),
Note:

Temperature gauge is on front panel.

Actual controls

are under l i d , to the left of programmer wheel.
Note:

The temperature d i a l s have more than 100°C hysteresis.
DO NOT ASSUME that positioning d i a l where it was previously w i l l always give previous temperature.

Note:

For f i l t e r combustion, temperatures are c r i t i c a l ; £00°C
± 10°C is the allowable range.

Analyzer should be

equilibrated at proper temperature for 16 h prior t
sample run.
f. Set H and N attenuation switch on XI.
g. Set C attenuation switch on 0.
h.

Set EXT-COMB on

+2 minutes if samples and standards are i n

rolled filters, and on
i.

+k minutes if on folded filters,

Confirm that CX10 blue light on (if not, push light),

j. Turn DETECTOR OUTPUT switch to A.
PURGE oxygen line daily for 10 minutes by first removing sample
inlet fitting and installing inlet flow plug (Perkin-Elmer part
no. 240-0101).

Turn programmer index wheel CLOCKWISE to position

2 for 10 minutes.

Turn wheel CLOCKWISE to position I j reinstall

standard fitting. Leave in this position for 3 minutes; then
rotate wheel clockwise to 0.
Condition and calibrate.
a.

Run two unweighed 2 to 3~mg acetanilide standards in ashed
filters through machine (acetanilide standard has 10.36% N,
71.09% C, and 6.7U H by weight).

b.

Run a standard blank by recombusting the second unweighed
standard without opening combustion tube.

If more than 1

blank is to be run, machine must be re-equilibrated with 2
more unweighed standards before proceeding.
Note:

It is necessary to run additional blanks if C, H, and
N blanks vary by more than 40 yV from previous day's
runs or if no previous runs exist for comparison.
Range between these standard blanks and a within-day
mean should also not be greater than 40 uV.
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c.

After running standard blank, re-equilibrate with 2 additional
unweighed standards.

Then run a 2-to 3-mg weighed

standard.

Calculate sensitivities (See Appendix D); compare with previous
day's runs.

Maximum permissible deviation from previous sensi-

tivity means are 0.30 yV-yg
4 yV-yg

for H.

for N, 0.17 yV-yg ' for C, and

If new values are outside this range run suf-

ficient standards to establish confidence in a new mean.

Use

either the new mean or value for single run for a day's samples
rather than previous day's mean.
Note 1:

Record a l l standard blanks and standard data on calibration Data Sheets (See Appendix D).

Note 2:

If no problems are anticipated with blanks or standards, the following sequence yields sufficient data
in less time - 2 unweighed standards, 2 weighed
standards, standard blank.

On first blank or standard (whichever comes first), record the
time at which start l i g h t remains off with programmer wheel at
approximately position 5.
and 3 minutes.

The l i g h t must remain off between 1

Record time on calibration data sheet and check

against value for previous day's run.

If it varies by more than

15 seconds or if l i g h t remains off for less than 1 minute or
longer than 3 minutes, consult manual.

APPENDIX B

OPERATION OF CAHN 21 AUTOMATIC ELECTROBALANCE
Set-up

1. Hang identical stirrups on sample "A" or "B" and TARE
downs.
2.

Set RANGE to highest sensitivity.

Zero
1. Adjust the d i g i t a l readout to 0.000 with coarse and fine
Cal ibrate
1.

Set RANGE to 200 mg.

2.

Place calibrating weight on sample pan.

3. Adjust the digital readout to 199.99 with CALIBRATE.
4.
D.

Remove calibrating weight.

Weigh
1.

Select weighing range to be used.

2.

Place sample on sample stirrup.

3.

Read sample weight on d i g i t a l readout.

Note:

1) Refer to instruction manual for complete operation
detaiIs.
use Cahn forceps
f weights.
forceps.

Never
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APPENDIX C
SEQUENCE OF ANALYSES

i-e following is the proper sequence for analysis of standards and seston
jrnples:

Pre-condition machine with 2 or 3 standards of approximately 2 to
3mg.

1!
Run 2 standards of known weight.
Run 1 standard blank by re-inserting the last standard

without

opening combustion tube.
Pre-condition machine with the third replicates from each of two
stations to be analyzed.
Run 5 seston samples.
D|in

1 sample blank by re-inserting the last sample wi thout opening

"combustion tube.
Pre-condition machine with the third replicates from each of next
two stations to be analyzed.
Run the next 10 seston samples.
Run 1 sample blank by re-inserting the last sample without opening
combustion tube.
Repeat steps 7, 8 and 9 u n t i l analyses are complete.

f i l t e r blanks are to be analyzed, it is easiest to run them at the
j i n n i n g or end of the above

sequence.

Pre-condition machine w i t h 2 b l a n k , pre-combusted GF/C f i l t e r s Run 2 blank, pre-combusted GF/C filters.
•insert second

f i l t e r above (2), without opening combustion tube.
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APPENDIX D
Model 240 CALIBRATION DATA SHEET (STANDARDS)

A.

By:

Run #:

Standard Name:
Date:

B.

Standard Weight:

C.

Theoretical

D.

Theoretical V/eight:

E.

Calculated Signal:

Percentage:

A c e t a n i l i d e : 10.36?N, 7K09%C, 6.7UH

yg N

yg C

^

(Recorder Reading) X (Attenuation) = Signal

Ni trogen

Carbon

Hydrogen

X10 =

Signal (yV)
"C Suppression

(yv)

Setting

-Blank (yV)
-Filter blank (yV)
-Zero (yV)

X10 =

Total

F.

Sensitivities

(K, in —):

KM

=

Total N signal (yV)
Theoretical weight N(yg)

yg

KC

_ Total C signal (yV)
Theoretical weight C (yg)

yg

Total H signal (yV)
^H ~ Theoretical weight H(yg)

_

yg

-'•'Values of C Suppression for C ATTENUATION Switch Setting.
(Use in Computation of C S i g n a l Only.)
Swi tch Sett ing

0

C Suppression (yV) 0

1
10,000

20,000

30,000

A0,000

50,000
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APPENDIX E
DATA SHEET FOR SESTON SAMPLES AND SESTON SAMPLE BLANKS
A.

Sample Identification

D.

C. Pretreatment
E.

Sensitivities:

by.

B. Analysis Date_

Sample Volume (l)

yv

1C

yV

yV

yg

yg

F. Total Signals:
Total Signal (yV) = Signal + C Suppression* - Sample Blank - Zero

Ii

Where:
Signal or Zero (yV) = Recorder Reading X Attenuation or 10**
Sample Blank (yV) = Blank Signal - Blank Zero
N 1 t rogen

X

Signal (yV)

Hydrogen

Carbon

X

X

+C Suppression*

(yv)

Setting

-Sample b l a n k (yV)
Zero (yV)
"Total Signal (yV)
*C Suppression Values for C ATTENUATION Switch Setting Use in C Signal computation only.
Switch Setting
C Suppression

(yV)

0

1

0

10,000

2
20,000

3

4

30,000

40,000

5
50,000

**C Signals are internally attenuated by 10.
G.

Calculations

Weight

Total Signal (yV)
(\ig) of N, u, ana H = Sensi t i v i ty K ( y V .yg"l)

Sample + Fi 1 ter

yg N

yg c

ye H

-Filter Blank

yg N

yg c

yg H

•Sample

yg N

yg c

yg H

Concentration (yg-• 1 " ' ) of N

C or H -

yg N - l " 1

We'9ht

(yg)...

Samp 1 e Vo 1 ume T7
Jjg

c-r'

yg H-l"'
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Procedure for Determination of Carbon, Nitrogen and Hydrogen in Sediment
Samples
Basis of Method
Sediment samples are analyzed for carbon, nitrogen, and hydrogen
content in a CHN analyzer, an automated combustion instrument for
the laboratory determination of carbon, nitrogen, and hydrogen i n
materials dissociable at temperatures below 1100°C.

The operating

cycle of the instrument is d i v i d e d into three stages:
combustion, and absorption.

purging,

During purging, a stream of helium

displaces atmospheric gases trapped in the combustion chamber.
During combustion, the sample is converted to its elemental constituents (Eq. 1) which combine with oxygen, supplied from an
oxygen stream.

During absorption, the gaseous combustion products

are swept in the absorption chamber where hydrogen (as hLO), carbon (as C0?) and nitrogen (probably as N0») are selectively absorbed.

Detection of constituents is by differential thermal con-

ductivity, i.e., the difference between the thermal conductivity
of the gas and that of the h e l i u m carrier gas.

Interferences by

halogens and sulfur are removed by chemicals in the combustion
tube.

The operating cycle of the analyzer is 13 to 15 minutes.
<1100°C
Eq.

11.

CNH20

Materials and Reagents
A.

Elemental Analyzer (Perkin - Elmer model 240 B)(See Appendix A)

B.

Drying oven (capable of m a i n t a i n i n g temperature to w i t h i n ± 1

L
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c.

Analytical electrobalance (e.g., Cahn 21 Automatic Electrobalance, see Appendix B)

D.

Hot plate

E.

Gases: He (99-9999£ purity - from Matheson)
02 (99-99% purity - from Matheson)

F.

Desiccator with dry CaSO, indicating desiccant

G.

Acetanilide standard for C, H and N (purchased from PerkinElmer)

H.

Microspatula (Hayman, purchased from Perkin-Elmer) for transferring acetanilide standard
Platinum boats for holding standards and samples - PerkinElmer # 240-0090

J.

Cahn forceps for transferring standards to and from Cahn electrobalance

K.

Brushes for cleaning platinum boats (commercial artist's
brushes are adequate)

L.

Mortar and pestle for grinding dried sediment sample

M.

Screw cap (polyseal), glass scintillation vials, engraved with
sample identification number

III.

N.

0.5 N H_SO. for cleaning vials

0.

5.0 N HC1 for ridding samples of carbonates

Procedure
A.

Sample Preparation
1.

Wash glass scintillation vials with 0.5 N H^O^. Rinse
with d i s t i l l e d water.

Dry at 105°C. Wash polysea] caps

for v i a l s in d i s t i l l e d water only; dry at room temperature

Note:

Do not dry v i a l s in box with dividers, since divider
material sticks to vials.

2.

Store vials in desiccator u n t i l use.

3.

Place 0.4 ± 0.1 g dry sediment into duplicate vials.
Transfer to drying oven and dry 16 h at 105°C.
a desiccator and weigh to nearest 0.00001 g.

Cool in
This is dry

To sets of 30 samples or less, add 5 drops 5 N HC1. Shake
down any foaming; wait 10 minutes.

Add 5 more drops of

acid; shake down again. Wait 10 additional minutes. Add
10 drops of acid, washing down foam from sides of vial
with drops. Wait 30 minutes.

Add 1 drop of acid, watching

carefully for evolution of carbon dioxide.

If additional

carbon dioxide is evolved (observe vials individually)
add 5 drops of acid and wait 30 minutes.

Repeat this

last step until carbon dioxide evolution ceases.
Dry vial contents on hot plate in hood.

Hot plate should

be set at about 200°F (94°C) .
After drying on hot plate, transfer v i a l s to oven and dry
16 h at 105°C.

Cool in desiccator and reweigh (this is

the acidified dry weight).

Cap tightly with polyseal cap.

Scrape sample from vial with spatula; grind with mortar
and pestle.

Return sample to original v i a l , and redry

16 h in 105°C oven.

Remove sample from oven and cool in

desiccator; afterwards cap tightly with polyseal cap. If
sample is not run w i t h i n one week, redry overnight at 105 'orior to CRN analysis.
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8. When weighing sample for CHN, record weight after sample
has been on balance for 1 minute.

Try not to remove sam-

ple from vial more than 2 minutes before it w i l l be placed
into combustion tube.
B.

Sample is now ready for analysis.

Sample, Standard, and Blank Run Procedure
1.

Weight determination of samples and standards
a.

Refer to instruction manual for Cahn balance, and
Appendix B (balance should remain on).

b.

Replace desiccant in balance at least daily, or more
often if necessary.

c.

Re-calibrate balance d a i l y according to instruction
manual.

d.

Tare balance to 0 mg with 210 tug tare weights (this
maximizes balance sensitivity in presence of 200 mg
sample boats) .

e.

Set response power switch to 0 (on electrobalance).

f. Weigh empty boat which has been stored in combustion
tube on CHN or desiccator.
g.

Record weight on Calibration Data Sheets or Data
Sheets (see Appendices C, D).
Note: Weight may be negative.

h.

Remove boat from balance (use only CHN forceps).
Place on clean paper in front of balance.

Place

either standard or sample into boat, with clean
micro-spatula.

Remove any particles on boat exte-

rior with brush provided.
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Note:

NEVER add more than 3 mg of the standard since
It w i l l cause machine to malfunction and w i l l
not yield data.

i.

Place boat with standard or sample into balance. If
acid-treated sample is being weighed, record weight
after 1 minute.

(This minimizes weighing error due

to uptake of moisture.)
Note 1: When removing an item from balance tray, first
lift item carefully with no horizontal movement, pause, and then remove item from tray.
Otherwise, balance tray may be damaged.
Note 2:

Do not allow acid-treated samples to remain
outside sample vial for more than 2 minutes
before they are placed in combustion tube,

j. Wipe spatula with tissue.
sample containers.

Tightly cap standard and

When standard analysis is com-

plete, return v i a l containing standard to desiccator.
2. CHN analysis (See Appendix A)

a.

Turn chart recorder speed switch on (chart speed
20 cm-h" 1 ).

b.

Using forceps, place sample boat in ladle (contained
in combustion tube of CHN analyzer), touching only
the end of ladle handle.

c.

Place ladle with boat in cool zone of combustion tube.
Note: Always store ladle in combustion tube.

d.

Press START button (it should light).
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e.

When INJ-COMB l i g h t comes on (after 2 minutes and 20
seconds, START light goes off), move ladle into combustion zone with magnet provided and press INJ-COMB
button (START light comes back on).

f. When READOUT l i g h t comes on:
(!) confirm that chart recorder is on,
(2)

retract ladle to cool position in combustion tube,

(3) use fine zero (on CHN) to adjust N, C, and H baselines (in that order) between 5 and 10% of full
scale.
Note:

It may not be necessary to readjust zeroes more
than once daily.

g. About 3 to 5 minutes after READOUT light goes out, it
w i l l come on again. Attenuate the recorder signals
with N, C, and H ATTENUATION switches (on CHN) as required.

Record ATTENUATION values.

If samples with

similar C, H, and N levels w i l l be analyzed next, attenuation switches may be left at these positions.
Otherwise, return them to lowest positions.
Note:

If ladle is not moved to cool position in combustion tube at first readout, allow it to cool
for at least 4 minutes before introducing the
next sample, standard or blank.

Contamination

of the system may otherwise result.

3. Sequence of sample analysis in CHN analyzer
a.

Condition with 2 samples.

(For Lake Mead sediments,

188
use 20-60 mg (or as much as w i l l fit into boat).
b.

Run sample (use

replicates, either 2 different sub-

samples or 2 aliquots from same subsample).

c.

After each run of 5-10 samples, run a sample blank
(empty boat).

After blank runs, equilibrate machine

with 2 samples of approximate weight.
d.

Run all samples from any single source in sequence to
maximize machine calibration.

When source of samples

is changed run sample blank and re-equilibrate with
2 aliquots of first sample in new sequence.
C.

End-of-day shut-down of system
1.

Clean all platinum boats with brush.

2.

Manually rotate programmer wheel clockwise to position 9.

3-

Turn off recorder and cap pen.

k.

Do not turn off gas supplies.

5.

Lower combustion and reduction tube temperatures by
about 100°C (i.e., by 1 unit on each dial).

IV.

Calculations
A.

Calculate percent C*, N», and H* according to instructions on
sample data sheets (See Appendix D).

B.

Carbon and nitrogen data, only, must be corrected for weight
increase occurring during and after acidification process,
since 2 Cl

replace C0_, and sample absorbs water.

example below.

Do not correct hydrogen.

Refer to
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Repl icate

g

g

Dry Weight]05°C

Aci dif led
Dry Weight

Percent"!"
Organic
C*

N*

H*

a

0.39013

0.44033

1.119

0.134?

1.21

b

0.38795

0.43960

1.272

0.1540

0.85

tAs calculated in A., above
Correction for weight increase due to acidification
i
-•Acidified Dry Weight
a. % Organic Ca = % Organic Cg x
Dry Weight^,.,,
0.44033
% Organic Ca = 1.119 x 0.39013 = 1.263%, Replicate a
i
b.

---

Acidified Dry Weight

% Na = % H'a x

Dry Weight 1 0 5 <> c

.
0.44033
* Ml
=
0.1347
x
0.39013
= 0.152%, Replicate a
a
I

Note:

C

i

and N

are % C and % N corrected for weight

increase due to acidification.
Note:

Repeat calculations for Replicate b.

Correction of replicates to same water content for weight
increase due to water absorption
j.
Note: % Hg = percent H in subsample a, from A., above
j-

% Hb' - percent H in subsample b, from A., above
Replicate a and b defined such that "a" has higher %H;
thus, [if] % H~a > % H£
let F, = [(% H* - % Hj)/100S] x 9
= excess H.,0 in Replicate a
and Fa or Fb = (Acidified Dry Weight/Dry Weight105°c)

or b
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a.

For F a l F b >

(% Organic C 1 ) x [(F + F,)/F ]
a
a
a

Organic C

(% N ' ) x [(F

% N

a

a

+ F,)/F_]
I

a

% Organic C, = % Organic

H

b.

a

— 4 H —
b

For F-a > F,b , and
i.

Fa > FL + F], no further correction is needed

Organic C a = % Organic C.

Organic C b = % Organic

% Nu = * Nu

F

a

< F

b

+ F

i

Organic c" = % Organic C^ x [ (Ffa +

Ng x [(F b + F

Organic C b = % Organic C,
N

'*U

Ha =

C.

* Hb

= 'o
°/

*

M

"i

Hb

Sample calculation using data given in B., above.
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H j = 1.21
H 2 = 0.85
since

H* > % H* ,

H* ,

% H* = % H£

FI = [ ( 1 . 2 1 - 0.85)/100] x 9 = 0.0324
Fa = (0.44033/0.39013) = 1.12868
Fb = (0.43960/0.38795) = 1 . 1 3 3 1 4
because F g <_ F, ,
% Organic C^ = [(1.12868 + 0.0324)/!.12868] x 1.263 = 1.299
% Organic C fa = % Organic C^ = 1.441

a" = [(1.12868 + 0.032*0/1.12868] x 0.152 = 0.156
ii
Nb =

Note:

0.175

1) 9 = mass ratio of H20:2H
2) The differences in % H between replicates due to
differences in organic H are n e g l i g i b l e compared
to differences in water H in Lake Mead sediments,
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APPENDIX A
OPERATION OF PERKIN - ELMER MODEL # 2AOB
Verify gas pressure.
a.

Helium = 18 PSI, m i n i m u m 200 PS I in tank

b.

Oxygen = k2 PSI, minimum 200 PSI in tank

Do not change pressure settings.
Verify that DET RESET light is off.
in quickly and release.

If on, press DET RESET button

Do not hold in depressed position.

light goes out, it is okay to proceed.

If

If light stays on, it is

impossible to proceed u n t i l problem is identified and corrected.
Turn on recorder power. At least 0.5 h warm-up period is needed
to establish steady baseline.
Make following preliminary control settings
a.

PROGRAMMER SWITCH - should be on DETECT (DET)

b.

PROGRAMMER INDEX WHEEL - rotate clockwise from position 9 to
position 0.

c.

Confirm DET RESET l i g h t s t i l l off.

d.

Set COMBUST control to 950°C. (^4.8 on Dial).

e. Set REDUCE control to 650°C. M.5 on Dial).
Note:

Temperature gauge is on front panel.

Actual controls

are under l i d , to the back and left of programmer
wheel.

It takes 1 h for machine to re-equilibrate

approximately after temperature change of 100°C.
Never set temperature at or above 1000°C.

Never

raise temperature when machine w i l l be untended over
the next hour.

The temperature d i a l s have more than

100° hysteresis.

DO NOT ASSUME that positioning d i a l

where it was previously w i l l always give previous
temperature.
f.

Set H and N attenuation switch on XI.

g.

Set C attenuation switch on 0.

h.

Set EXT - COMB on off.

i.

Confirm that CX10 blue l i g h t on (if not, push light),

j. Turn DETECTOR OUTPUT switch to A.
5.

PURGE oxygen line d a i l y for 10 minutes by first removing sample
inlet fitting and installing inlet flow plug (Perkin - Elmer part
no. 2^0-0101).

Turn programmer index wheel CLOCKWISE to position

2 for 10 minutes.

Turn wheel CLOCKWISE to position 1; reinstall

standard fitting. Leave in this position for 3 minutes; then
rotate wheel clockwise to 0.
6.

Condition and calibrate.
a.

Run two unweighed 1 to 3 rng acetanilide standards through
machine (acetanilide standard currently in use has 10.36? N,
71.09% C, and 6.71* H).

b.

Run a blank (with ladle and boat).

If more than 1 blank is

needed, machine must be re-equilibrated with 2 more unweighed
standards between blank runs.

More blanks are necessary if:

C, H, and N blanks vary by more than kQ yV from previous
day's runs or if no previous runs exist for comparison.
Range between a previous-day mean and a within-day mean
should also not be greater than 40pV.
c. R e - e q u i l i b r a t e w i t h 2 a d d i t i o n a l standards;

then
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run a 1 to 3 mg weighed standard.

Calculate sensitivites (see

Appendix C), compare with previous day's runs.

Maximum

permissible deviation from previous sensitivity means are
0.20 yV-Ug"1 for N, Q.085 for C, and 2.70 for H.

If new

values are outside this range, run sufficient standards to
establish confidence in a new mean.

Use either the new

mean or value from single run for a day's samples rather
than previous day's mean.
Note 1:

Record all standard blanks and standard data on
calibration Data Sheets (see Appendix C).

Note 2:

If no problems are anticipated with blanks or standards, the following sequence yields sufficient data
in less time - 2 unweighed standards,! to 2 weighed
standards,blank.

On first blank or standard (whichever comes first), record the
time at which start light remains off with programmer wheel
at approximately position 5. The light must remain off between 1 and 3 minutes.

Record time on calibration data

sheet and check against value for previous day's run.

If it

varies by more than 15 seconds or if l i g h t remains off for
less than 1 minute or longer than 3 minutes, consult manual.
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APPENDIX B

OPERATION OF CAHN 21 AUTOMATIC ELECTROBALANCE

A.

B.

Set-up
1.

Hang identical stirrups on sample "A" and TARE hangdowns.

2.

Set RANGE to 2 mg.

Zero

1. Adjust the digital readout to 0.000 coarse and fine ZERO.
C.

Calibrate
1.

Set RANGE to 200 mg.

2.

Place calibrating weight on sample pan.

3. Adjust the d i g i t a l readout to 199.99 with CALIBRATE.
4.
D.

Remove calibrating weight.

Weigh
1.

Select weighing range to be used.

2.

Place sample on stirrup "A".

3. Read sample weight on d i g i t a l readout.
Note:

1) Refer to instruction manual for complete operation
detai1s.
2) Always use Cahn forceps for moving the tare and
calibrating weights.
grooved forceps.

Never use sharp, pointed, or
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APPENDIX C
Mode] 2^0 CALIBRATION DATA SHEET (STANDARDS)
Standard Name:

Run #:

By:

Date:
B.

Standard Weight:

C.

Theoretical Percentage:

D.

Theoretical Weight:

E.

Calculated Signal:

Acetani] ide
yg N

yg

yg C

(Recorder Reading) X (Attenuation) = Signal

Nitrogen
Signal (yV)

10.36SN, 7\.03%C, 6.7UH

Carbon

X

Hydrogen

X

XfO

*C Suppression

Setting

(yv)

-Blank (yV)

X10 =

ro (yV)

X10 =

Total
F.

Sensitivities
K
N

(K, in

yg

= Total N signal (yV)
Theoretical weight N (yg)

U9
UV

Total C signal (yV)
Theoretical weight C (yg)
SH

yg
yV

= Total H signal (yV)
Theoretical weight H (yg)

yg

Va]ues of C Suppression for C ATTENUATION Switch Setting.
(Use in Computation of C Signal Only)
Switch Setting

0

C Suppression (yV)

0

1
10,000

2
20,000

3
30,000

^
40,000

5
50,000

198

APPENDIX D
DATA SHEET FOR SAMPLES
A.

Sample No.:

B. Sample Name:
D. Pretreatment:

C. Date:
E. Sample + Tare Weight:
F. Tare Weight:
G. Sample Weight:
H. Sensitivities:

-yg ;

K., =

I. Total Signals:
Total Signal (in W) = Signal + C Suppression* - Blank - Zero
Where:
Signal or Zero (in yV) = Recorder Reading X Attenuation or 10**
Blank (in yV) «= Blank Signal - Blank Zero

Signal (yV)

X

X10 =

X

+C Suppression*
(yV)

Setting

-Blank Values (yV)
-Zero (yV)

Hydrogen

Carbon

Nitrogen

ss

X

Total Signals (yV)

X

X10 =
es

c

B

'•Values of C Suppre ssion for C ATTENUATION Switch Setting:
Use in Computation of C Signal Only.
Switch Setting

0

1

C Suppression (yV)

0

10,000

2
20,000

3

4

30,000

AO.OOO

5
50,000

**10: Use only in C Signal Computation
J. Calculated Weights and Percentages:

„
yg C:

yg N :
Percentages of N, C, or H in a sample =
Percentages

% N~:

Sample Weight
*'C*:

yg H

)9>9
Procedure for Determining Sediment Total Phosphorus (After methods of
Ma et al. 1976, and John 1970)
**v<

I.

Basis of Method
Ignition at 550°C of a sediment sample converts all phosphorus
compounds to inorganic phosphorus.

Total phosphorus, as inorganic

phosphorus, is then extracted with 1 N sulfuric acid (Aspila et al.
1976, W i l d u n g and Schmidt 1973).

In calcarious and some soft

water sediments, virtually all the phosphorus is extracted by this
procedure (Sommers et al. 1970). The extraction procedure outlined here is a modification of that of Aspila et al. (1976).
The John (1970) modification of Murphy and Riley's (1962) technique, designed to minimize interferences in soil analysis, is used
to determine inorganic phosphorus in the acid extract.
___.

Materials and Reagents
A.

Dry weight and ignition
1.

Equipment

a.

Muffle furnace (Thermolyne and Thermolyne Furnatrol I)

b.

Balance with 0.00001 g resolution (e.g. Mettler)

c.

Drying oven (capable of maintaining temperature to
w i t h i n ± 1°C)

2.

Supplies
a.

Glass s c i n t i l l a t i o n v i a l s , engraved with identification
number

b.

Polyethylene s c i n t i l l a t i o n v i a l s , marked with identification number

c.

Desiccator (s)
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d.

Dry CaSO/j indicator desiccant
Store in metal tray in drying oven; raise oven temperature d a i l y to > 160°C for a few hours.

Open door

s l i g h t l y for 30 minutes; close oven and readjust to
105°C.

B.

Extraction
1.

Shaker (e.g.

2.

Centrifuge (e.g.

3.

0-30 ml repipet

k.

Leak-resistant plastic bags

5.

Polyethylene s c i n t i l l a t i o n v i a l s with polyseal caps

6.

Reagents
1 N H2SO^:

Lab-Line Model 3590)
International Equipment Company Model CL

28 ml concentrated h^SOjj, reagent grade,

to 1 liter di st i 1 led-deioni zed water.

Store in 1 - l i t e r

volumetric flask.

C.

Analysis
1.

Balance with 0.01 g resolution

2.

Spect rophotometer (e.g.

Perkin-Elmer Model

3. Automatic pipets capable of delivering 0.05,
0.30,

552)
0.10,

1.00, and 2.0 ml volumes

4.

Repipet capable of d e l i v e r i n g 18 ml

5.

Polyethylene or glass s c i n t i l l a t i o n v i a l s with polyseal
caps

6.

Reagents and standards
a.

Ammonium molybdate, analytical grade

b.

H2SO/} (10 N)
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,, .

Adc -N "

v*

-ntrated analytical grade H2SO/t to

""

- , ' s 700 ml d i s t i l l e d - d e i o n i z e d water
a p c " - x •"••"• =•
,;,,.. volumetric flask.

in

Bring volume up to

3 t . I 1 * - *•

^,, distil'led-deionized water.

Store in

1-1 !tor '"M^-

c•

-.. ,.s .vtassium tartrate (0.5 percent)
An L i ^-'
A^ . z o of analytical grade antimony potassium
MOO ^ •

f - , 100 ml d i s t i l l e d - d e i o n i z e d water.
tartr.iti' to i^v
Make up t ' - o 5 h .
d.

A s c o r b i c -icid
Use a n a l y t i c a l grade.

e.

Store in r e f r i g e r a t o r .

NaOH ( 0 . 1 N)

Add k ti ^H t0 ]nter' St°re In P°lyethy1ene C°n"
(For rinsing flow-through cell of spectrotainei'- v
photometer.)
f.

Extraction reagent (primary)
Dissolve 20 g ammonium molybdate in approxinu)|.t:ly

2.

300 ml distilled-deionized water.

Ad.l W m1
St .,nt1y

3

A(|,l

of 10 N H2S°V SlOWlY ' W h H e C°n"

stirring.

100 ml of 0.5°^ antimony potassium tartrate;

•, t; i r.
^

(JrinG

volume up to 1 l i t e r with d i s t i l l e d -

,J(;ionized water.
ri.,rk

Reagent may be stored in the

for up to 3 months.

Exr. ration reagent (secondary)
m ,.5 g ascorbic acid per 100 ml of primary
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extraction reagent; mix well (make sufficient
reagent to analyze all standards and samples).
2.

Do not make up more than k hours prior to starting phosphorus analysis,

h.

Standards
1.

Primary (50 mg P-l" 1 )
Dissolve 0.2195 g K^POjj (analytical grade)
(oven-dried to constant weight at 105°C) in
1000 ml distilled-deionized water, to which
1 ml concentrated hUSO/j has been added as a
preservative.

Store in dark in polyethylene.

2. Using automatic pipet, add the following amounts
(in triplicate) of 50 mg P«l"' primary standard to polyethylene scintillation vials.
i.
ii.

0 ml = 0 yg P (blank)
0.05 ml x 50 mg P'l"1 =

2.5 yg P

iii.

0.30 ml x 50 mg P-T 1 = 15.0 yg P

iv.

0.60 ml x 50 mg P-l" 1 = 30.0 yg P

Bring total volume in each vial up to 18 ml
with repipet.
Procedure
A.

Prepare all labware as in III A. 1 and 2, p. 183.

B.

Dry weight and ignition (preparation)
1.

Prior to analysis, sediment samples are dried at temper
atures ranging from 25°C (room temperature) to 105°C.
Drying times range from two weeks (room temperature) t<
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24 hours (105°C).
2.

Dried samples are ground by hand with a mortar and
pestle and a subsample of approximately 20 g is placed
into a clean polyethylene scintillation vial with
polyseal cap.

These subsamples are stored in a desic-

cator until analyses are completed.
C.

Dry v/eight analysis
1. Weigh empty glass scintillation v i a l ; record to nearest
0.00001 g.
2.

Add 0.4 ± 0.1 g sediment to each v i a l ; reweigh to near-

. '-. est 0.00001 g.
3.

Duplicate each sample.

Place vial containing dry sediment in oven at 105°C for
at least 16 hours.

4.
D.

Cool

in desiccator; reweigh and record weight (see Note A),

Ignition
1.

Place v i a l containing sediment dried at 105°C (see B.2,
above) in anterior third of muffle furnace (behind the
-25°C isopleth, Fig. 1), but do not allow vials to
touch back wall (see Note B).

2.

Place oven temperature control setting at 300°C for 30
minutes; increase to 550°C. After 1.5 hours turn off
oven.

3.

Cool v i a l s in oven or in desiccator.

If vials are

cooled In oven, place into desiccator immediately upon
removal.
E.

Phosphorus extraction
1.

Add 20.0 ml 1 N H^SO. to previously-ignited sample with

-25°c

-34°c

-49°c

o

Figure 1.

Error in muffle furnace temperature as a function of sample locatfon.
Test range is 525 - 650°C for a burn tfme of 1.5 hours.

•-F-

20$
automatic pipet.
2.

Loosely cap if gas evolution occurs.

If not, proceed

with step 5, below.
3.

When gas evolution ceases, tighten polyseal cap, shake
vial vigorously, and immediately loosen cap.

4.

Repeat step 3

twice over a 1-2 hour period.

5.

Tighten polyseal cap; place groups of 5~6 v i a l s each
into plactic bags, and secure to shaker.

6.

Shake approximately 16 hours in room with temperature controlled to 25°C.

7.

Briefly loosen and

retighten caps if gas evolution occurred

in step 2.
8.

Centrifuge v i a l s at approximately 2000 RPM for 5 minutes.

9.

Decant into clean polyethylene s c i n t i l l a t i o n v i a l s with
masking tape labels marked with waterproof ink.

Cap with

polyseal caps.
10. At this point, samples may be frozen u n t i l analysis.
F.

Phosphorus analysis
1.

If samples have been frozen, thaw overnight at room
temperature or under lukewarm tap water.

2.

Vigorously shake sample and place 1.00 ml of sample
with automatic pipet and 17.00 ml disti1led-deionized
water with repipet into a clean glass or polyethylene
sci n t i 1 1 at ion v i a l .

3.

At 30-second intervals, add 2.0 ml of secondary extraction reagent. In order, to:
i.

1 set of standards

20$
ii.

first 1/2 of samples

i i i . 1 set of standards
iv.
v.

remaining 1/2 of samples
1 set of standards

Cap and briefly shake v i a l s after reagent addition.
After 45-60 minutes begin reading absorbance, at 882 nm
in a flow-through or 1 cm-cell, in order of reagent
add! t ion.
Note: Vigorously shake each sample immediately prior
to reading absorbance.
Note:

If flow-through cell is used, rinse with 1 volume 0.1 N NaOH and 2 volumes of d i s t i l ledde ionized water after each sample and standard.

Immediately after use, disassemble automatic pipet and
repipet; flush all parts with d ist i 1 led-deion ized water
and wipe dry w i t h tissue; place, disassembled, in a
closed drawer to dry.
Rinse s c i n t i l l a t i o n v i a l s with 0.5 N

and rinse

copiously with disti 1 led-deionized water.

Dry plastic

vials in closed cupboard and glass vials in drying oven
at 105°C.

Polyseal caps should be rinsed only w i t h

d i sti 1 led-deionized water and dried in cupboard; never
rinse with acid or oven-dry.
IV.

Calculations
A.

Plot standard curve of absorbance vs. amount of P (yg) in
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standards and verify linearity.

If standard curve is not

linear beyond 15 yg P standard, extend the line to absorbance
value of 30 yg P standard by drawing smooth curve.
B.

If standard curve is linear, generate regression of absorbance vs. amount of P (yg) in standards.

Determine amount of

P (yg) in samples.
C.

If standard curve is not linear, determine amount of P (yg)
in samples from graph of smoothed curve.

D.

Divide yg P in sample by dry weight (105°C) of sample =

yg P-g"1.
E.

Precision
1.

Duplicate analyses of a single extract should be repeated if values differ by more than 50 yg P*g

2.

.

Single analyses of duplicate extracts should not differ
by more than 75 yg P-g~'.
of both extracts.

If they do, repeat analyses

If re-analysis s t i l l yields differ-

ences greater than 75 yg P*g

, ignite and extract two

new subsamples.
V.

Notes
A.

When cooling hot v i a l s , avoid contact with sides of desiccator to prevent damage to desiccator and to prevent desiccator sealant from contacting vials. Likewise, cool v i a l s
should not contact sealant.

B.

The rear wall of muffle furnace is hotter than the interior
air or floor and can partially melt glass vials if contact
is made.
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C.

In sediments from Lake Mead, this extraction gives results
comparable to sequential oxalate (Williams et al. 1970

and

I N HUSOi extract ions, indicating that single acid extraction
does solubilize occluded Fe and Al phosphates from the claycontaining sediment.

Other problems affecting the procedure

are discussed in Dormarr and Webster (1964).
D.

The specific procedure outlined here is s i m i l a r to that of
Aspila et al. (1976) but is s l i g h t l y modified by using H^SO^
as the extractant and by using glass s c i n t i l l a t i o n v i a l s as
the ignition and extraction vessels.

The use of divalent

hLSOr as extractant rather than monovalent HC1 is preferable
because of the approximately four-fold greater desorbing
capacity of sulfate, and consistency with the use of H^SO/j
as a P analytical reagent. We combine phosphorus analyses
with organic weight determinations, using the samples after
ashing for P analyses.
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Procedure for Determination of Sediment Dry Wei ghtigro^, Organic
Matter, Water of Hydration (After APHA 1975) and Sediment Carbonate
Content (After Method of Wetzel and Manny
I.

1978)

Basis of Method
A.

Dry Weight^Qr°Q, Organic Matter Content, and Water of Hydration
The standard method of determining volatile and ash components
of sediment is ignition at 550°C (APHA 1975, p. 95).

The

volatile component is often assumed to approximate organic
matter.

In the presence of clays and gypsum, however, a

significant proportion of weight loss upon ignition may be
due to loss of water of hydration. The water of hydration
can be reintroduced by wetting the ashed sample with
disti 1 led-deionized water and redrying at 105°C.

Reweighing

the ashed sample at this point provides an estimate of the
water of hydration (See Note A) and a more accurate estimate
of organic matter content (APHA 1975, p. 1048) (See Note B).
B.

Carbonate Content
Carbonate content of sediments is determined by difference
in weight loss between samples combusted at 550°C and 950°C
(Wetzel and Manny 1978).

The weight loss between these two

temperatures is due to loss of C02 from carbonates as they
decompose to form oxides.

Combustion at 550°C volatilizes

organic matter, dehydrates gypsum, partially dehydrates clays,
and decomposes some magnesium carbonates.
decomposes at 350°C (Weast 1976).

Magnesite, MgCO,,

Basic magnesium carbonate,

21

(MgCO K 'Mg(OH)2-n h^O (n = 4.3) decomposes between 300
and 450°C in our muffle furnace.

Dolomite, CaCO 'MgCO,,

decomposes between 730 and 760°C; and CaCO

phases of

aragonite and calcite, decompose at 825°C and 898°C,
respectively (Weast 1976). However, we have found that
72 percent of the weight loss of reagent-grade calcite
occurred between 650 and 750°C in the muffle furnace.
(Furnace temperatures are w i t h i n ]% of values on setting.)
The reason for this discrepancy from findings in the
literature is unclear.
Direct organic carbon and total carbon determinations by
CHN analysis (See page 182) on one sample from Lake Mead
indicated that 36% of carbonates decomposed above 550°C.
Only 97% of organic carbon was lost at 550°C; the additional 3% would be included as error in the carbonate
fraction.

However, concentrations of carbonate are much

higher than concentrations of organic matter in Lake Mead
sediments; therefore, for carbonate analyses, this error
i s negligible.
Regression of carbonate-carbon determined by the muffle
furnace technique against carbonate-carbon determined by
CHN analysis (a more tedious, but more exact procedure)
demonstrates an almost 1 : 1 correspondence

(Fig. 1).

Therefore, the simpler muffle furnace procedure is adequate and does not create significant error from release
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I
regression line
y — AV

u.
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O
o
n = !2

rsO.984
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Figure 1.

°'979

+

°-26l

Regression of carbonate-carbon determined by the
muffle furnace technique against carbonate-carbon
determined by CHN analysis.
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of water of hydration or other non-carbonate volatiles
above 550°C.
Materials
A. Equipment
1.

Muffle furnace (Thermolyne and Thermolyne Furnatrol l)

2.

Balance with 0.00001 g resolution (e.g. Mettler)

3.

Drying oven (capable of maintaining temperature to
within ± 1°C)

B.

Supplies
1.

Desi ccator

2.

CaSO^ indicator desiccant
Store in metal tray in drying oven; raise oven temperature daily to >_ 16Q°C for a few hours.

Open door slightly

for 30 minutes; close oven and readjust to 105°C.
3.

Combustion vessels
Set of 48 10-ml porcelain crucibles with engraved identification (See Note C)

4.

Dropper bottle containing disti1led-deionized water (for
water of hydration analysis)

Procedure
A.

Preparation of combustion vessels
1.

Rinse crucibles in 0.5 N H2S01} and then copiously with
disti1led-deionized water.

2.

Dry, place in muffle furnace, and combust crucibles for
3 additional hours after temperature

reaches 950°C

2H
(6-7 hours total).

Turn off furnace, allow crucibles to

cool overnight in furnace, then transfer to a desiccator.
Note: Always handle crucibles with tongs or forceps, not
with fingers (See Note D).
B.

Preparation of balance
1.

Each day, or more often if necessary, replace desiccant
in balance weighing chamber with dry desiccant from oven.

2.

Zero balance before, and frequently in between, sample
weight determinations.

C.

Preparation of sediment
1.

Prior to analysis, sediment samples are dried at temperatures ranging from 25°C (room temperature) to 105°C.
Drying times range from two weeks (room temperature) to
2k hours (105°C) .

2.

Dried samples are ground by hand with a mortar and
pestle and a subsample of approximately 20 g is placed
into a clean polyethylene s c i n t i l l a t i o n v i a l with a
polyseal cap.

These subsamples are stored in a desicca-

tor until analyses are completed.
D. Analysis
1.

Dry Weight
a.

Weigh empty crucible; record weight to nearest
0.00001 g.

b.

Add 0.4 ± 0.1 g sediment to each crucible; reweigh
to nearest 0.00001 g.

2.

Dry Weight] 0 c<> c

Duplicate each sample.
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a.

Place crucible containing sediment (See 1, above) in
oven at 105°C for at least 16 hours.

b.

Cool in desiccator; reweigh and record weight (See
Notes E and F).

3.

Igni ted Wei ght
a.

Place crucible containing sediment dried at 105°C
(See 2, above) in anterior third of muffle furnace
(behind the -25°C isopleth, F i g . 2 and Note G) ; if
glass v i a l s are used (See Note C) do not allow v i a l s
to touch back w a l 1 (See Note H).

:

b.

Place furnace temperature control setting at 300°C for
30 minutes; increase to 550°C.

After 1.5 hours turn

off furnace.
c.

Cool crucibles in furnace or in desiccator.

if cruci-

bles are cooled in furnace, place into desiccator immediately upon removal.
d.

Reweigh crucibles as soon as possible after samples
have cooled.

4.

Wetted
a.

Record weight to nearest 0.00001 g.

Ignited Weight

To each c r u c i b l e c o n t a i n i n g sediment i g n i t e d at 550°C
(See 3, above) add enough distiIled-deionized water
to wet ash (2-k drops).

b.

After 15 minutes, dry samples at I05°C, in oven for
16 hours.

c.

Cool samples in desiccator; reweigh and record weight.

d.

Store ashed samples if needed for a d d i t i o n a l analyses.

f

-25°c

-34°c
-49°c
-59°c

crs
Figure 2.

Error in m u f f l e furnace temperature as a function of sample location.
Test range is 525 - 650°C for a burn time of 1.5 hours.
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5.

Carbonate content
a.

Place crucibles in muffle furnace within the -kB°C
isopleth (Fig. 2).

Set temperature at 300°C for 30

minutes, then increase to 550°C for 30 minutes, and
f i n a l l y , increase setting to 950°C (See Note I).
After furnace reaches 950°C, combust for an additional
3 hours.
b.

Turn off furnace, and cool crucibles in closed furnace,
or transfer to desiccator.

If cooled in furnace,

transfer to desiccator as soon as possible.
c.

Reweigh and record weight (= Weight 950°^•

d.

Discard ashed samples and rinse crucibles with tap
water; clean according to I I I A.

C.

Calculations
Percent Water Content =
2.

i nr°
c o rc )
Dry Weight - Dry Weight]0
x 100
—
Dry Weight]05°c

Percent Water of Hydration =
(Wetted Ignited Weight - Ignited Weight) x 100
Dry Weight]05°c

3.

Percent Organic Matter =
(Wetted Ignited Weight - Dry Weight]Q5°c) x 100
Dry Weight 105°C
Weight g50 o c
Fj = WeightgcQ°Q Loss = (l -

5.

Dry Weight ]05 o c

F2 = Percent Carbonate-C02 Loss = 100 Fj - Percent Water
Content - Percent Water of Hydration - Percent
Organic Matter

218
6.

Carbonate-C = F

7.

Carbonate-C0 :

8.

Percent CaCO

x

12

"PTToT

Equivalent = F£ x
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IV.

Notes
A.

Correction for water of hydration is critical in analysis
of Lake Mead sediments.

If correction is not made, organic

matter content may be overestimated by up to 100 percent.
B.

The regression of organic matter on organic carbon gives a
slope of 3.9 (r = 0.798, N = 210) for all Lake Mead sediment
data.

This value is beyond the range and 1.7X the mean

value for 18 lake sediments analysed by Hansen (1961); therefore, despite our precautions, we are overestimating true
organic matter content in Lake Mead sediment.
C.

If carbonate analysis is not done, the use of crucibles as
combustion vessels is unnecessary.

In determination of Dry

Weight, 0 ro c , Organic Weight, and Water of Hydration only,
the use of glass s c i n t i l l a t i o n v i a l s is preferred; the
__

ashed samples at(550°C) can then be used in the total
phosphorus analysis (See page 200).
Preparation of glass s c i n t i l l a t i o n v i a l s and caps is as follows:
1.

Rinse a l l labware except polyseal caps with 0.5 N H^SO^;
follow with disti1led-deionized water.

Rinse caps with

disti1led-deionized water only and allow to air dry; do
not dry in oven.
Note: Avoid drying any labware in the drying oven immediately prior to or during sediment drying, since
moisture from the labware w i l l be absorbed by the
sed iment.

220

2.

Place glass s c i n t i l l a t i o n v i a l s in muffle furnace at
550°C for 1.5 hours, and store in desiccator.

D. When cooling hot vials or crucibles, avoid contact with sides
of the desiccator to prevent damage to the desiccator, and to
prevent desiccator sealant from contacting v i a l s or crucibles.
Cool vials or crucibles should not contact sealant.
E.

Despite careful precautions during drying and weighing procedures in Dry Weight

0

determinations, a Lake Mead sedi-

ment sample w i l l often increase in weight due to moisture
absorption if ambient humidity has increased.

If this

occurs, use the Dry Weight determination as Dry Weight,QJ-O-,
and record water content as zero.
F. Although the standard drying temperature is 103~105°C, many
authorities recommend lower temperatures to minimize loss
of organics through volatilization (e.g. Strickland and
Parsons 1972).

Lake Mead sediments, however, are very hygro-

scopic, contain gypsum, and have water of hydration contents
as large as organic matter content and greater than organic
carbon content. Thus, the need to minimize water content and
the variability in its measurement is more critical for
accuracy and precision of the analysis than loss of v o l a t i l e
organics at 105°C.
G.

The permissible temperature range for determination of organic matter content is 550 ± 50°C (APHA 1975). This wide range
is allowable because normal weight loss between 500 and 600°C
is usually insignificant.

For Lake Mead sediments, however,
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the rate of increase of weight loss from 500°C to 600°C is at
least 0.16%-rc'1, i .e.

(w5oo°c - w6oo°c)
T 100°C x 100 = 0.16%-rc'1

"'Tot

where wcgo°C = we'9ht at 500°C
W600°C = we'9nt at

WTot

6°°°c

= dry weight at 105°C - weight at 950°C

To minimize the error in organic matter determination, we
place our samples in the anterior third of the muffle furnace where temperatures average 537-5 ± I2.5°C (Fig. 2).
H. The rear wall of the muffle furnace is hotter than the interior air or floor and can partially melt glass v i a l s if contact is made.
I.

Use of a cool furnace and protracted time before attaining
500°C decrease volatilization of ash. Lake sediments in
general (and Lake Mead sediments in particular) have sufficient inorganic matrix not to require the MgCl^ addition
necessary to stop loss of ash in more organic samples
(Aspila et al. 1976).

J.

Crucible blanks should be run with each data set as a precaution; however, our blanks have been low and not s i g n i f i cantly different from zero. Our calculations do not contain
blank corrections.

K. The % calcium carbonate equivalent parameter includes both
magnesium and calcium carbonates and thus overestimates the
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sum of MgCO

+ CaCCL.

Gould (i960) reported average MgO con-

tent of 3.2% and CaO of J.k% in bottomset deltaic sediments
in Lake Mead (n =6).

If present entirely as carbonates,

these numbers represent 6.8% MgCO-s and 13.1% of CaCO .

For

these percentages, % calcium carbonate equivalent would be
106% of total magnesium + calcium carbonate percentage.
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APPENDIX
CHOICE OF 550°C AS COMBUSTION TEMPERATURE IN ORGANIC
MATTER DETERMINATION

Destruction of organic matter is incomplete at 550°C (Dormaar and
Webster 1964, Froelich 1980), and some authorities suggest higher
ignition temperatures.

This suggestion was tested and rejected on

the basis of total and organic carbon determinations by CHN analysis
of one sample from Lake Mead (Table l).

One subsample of the sediment was treated with HC1 to remove carbonates; the other was analyzed w i t h carbonates present.

The true

organic carbon content (determined by combustion at 950°C after
acidification) was 1.3% of Dry Weight IQC°Q-

Combustion of this

sample at 550°C released only 97% of the organic carbon.

W i t h in-

:reasing temperature, however, losses of magnesium carbonate and
calcium carbonate cause more than compensatory error.

The total

percent error in organic matter determination can be estimated by
assuming the s o l i d phase loss of organic carbon as CH^O and carbonates as C0~, i.e.:

Percent Error in Organic Matter = (% unacidj-% Acidj) x
wt.CH20
-% Acidj)

where

T = combustion

temperature

The values for these calculations are shown in the last column in
Table 1.

Thus, analytical determination of organic matter in this

sediment sample should overestimate the true value by 19% at 550°C

combustion, 25% at 610°C combustion, and by 5^9% at 950°C combustion.
Therefore, combustion at 550°C yields a more v a l i d estimate than combustion at higher temperatures.
Table I. Comparison of organic carbon recovery by CHN analysis as
a function of combustion temperature and acid treatment.

Temperature °C

Analytical organic carbon as
percent of true organic carbon

Percent error
in organic matter
determination

Acid i f ied

Unaci di f ied

550

97

112

+ 19

610

100

117

+25

950

100

klk

+549

Example:
Percent Error in Organic Matter 550°C

(112-97) x —-- (100-97) = 19
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SECTION I I I .

PHYSICAL METHODS
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'rocedure for Measuring Temperature, Dissolved Oxygen, pH and Conductivit
Jsir

Hydrolab R Model I I A Surveyor and Hydrolab R Model System 8000

I.

Description of Instruments
Hydrolab

water q u a l i t y instruments consist of a surface unit

from which data readings are taken, a submersible unit with m u l t i p l e
probes for measurements of various parameters, and an underwater
cable connecting the two units.

Both the Hydrolab R I I A Surveyor and Hydrolab R System 8000 are equipped
to measure temperature, pH, dissolved oxygen and conductivity.

Speci-

fications for parameters for each model are as follows:

Hydrolab R I IA Surveyor
Parameter

Range

Accuracy

Temperature

-5°C to

± 0.25°C

pH

0 to 14

± 0.05 pH perk unit pH interval

Dissolved oxygen

0 to 20 m g - 1 -1

± 1.5% of reading ± 0.05 mg-l~''

Conductivity

0 to 1,10,100 mmho-cm,-1

± 0.5% range

Hydrolab R System 8000
Parameter

Range

Accuracy

Temperature

-5°C to 45°C

± 0.15°C

pH

0 to 14

± 0.05 pH per 4 unit pH interval

Dissolved oxygen

0 to 20 m g - 1 '

± 1.5% of reading ± O.OSmg-l" 1

Conduct i v i ty

0 to 1 ,10,100 mmho-cm-I

± 0.5% range

Operation of Instruments
A.

C a l i b r a t i o n (performed p r i o r to each sampling run)
]„

Dissolved oxygen probe
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a.

Comparisons are made between Winkler determinations
and probe measurements of dissolved oxygen on tap
water saturated with oxygen by shaking water in an
enclosed partially f i l l e d container,

b.

Calibrations can be made by measuring dissolved oxygen
of oxygen-saturated water with concentration determined
from temperature readings and percent saturation tables.

c.

Calibrations may be made in air as specified by Hydrolab^.
Note: Membrane in probe should be changed when
meter won't maintain calibration, when

•:.• -:

erratic readings are obtained, or when
response time is abnormally slow.

2.

C o n d u c t i v i t y probe
C a l i b r a t i o n of c o n d u c t i v i t y probe Is conducted u s i n g a
standard s a l t s o l u t i o n ( u s u a l l y K C l ) of c o n d u c t i v i t y =
1200

3.

ymhos-cm" 2 .

pH probe
C a l i b r a t i o n of pH probe is conducted by u s i n g s t a n d a r d
b u f f e r s of pH=7 and pri=10.

4.

T e m p e r a t u r e probe
The temperature

probe is calibrated using a hand-held

thermometer, calibrated by the National Bureau of
Standa rds.

B.

Measurements
The m u l t i p a r a m e t e r probe Is lowered to specific depths by a cable
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calibrated in 1.0 m increments, from 0 m to within 1.0 m of sediment surface. Temperature, pH, conductivity and dissolved oxygen readings are taken at each depth.

Dissolved oxygen concentra-

tions are read last to allow probe to equilibrate.

REFERENCES

Instruction manual for use of Hydrolab R Models I I A Surveyor and System 8000.
Hydrolab Corporation. Austin, Texas, U.S.A.
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Procedure for Measuring Photosynthetically Active Radiation (PAR)
Description of LI-COR Model LI-188 Photometer
Photosynthetical ly active radiation (kOO to 700 nm) is measured with
a Li-Cor Model Li-188 Integrating Quantum/Radiometer/Photometer. The
instrument is equipped with a d i g i t a l readout system, and is capable
of providing instantaneous l i g h t measurements, provided by 1 second
integrations, and integrated l i g h t measurements, provided by 10second, 100-second, and 1000-second integrations.

Integrated read-

ings for periods of 10 seconds or longer average the effects of
rapidly changing light due to cloud cover, surface waves (for underwater readings) or sensor movement (which results in spatial variation). The LI-188 measures radiation levels ranging from
microeinsteins-m"2.sec"' (= 0.0001 watts-m"^ = 0.01

0.001

lux) to greater

than maximum daylight, with an accuracy of 0.5 percent.

The instru-

ment can be used to measure PAR both underwater and in the atmosphere.
II.

In situ Light Measurements with LI-COR Model LI-188 Photometer
The quantum sensor for the LI-188 Photometer is suspended from a
line calibrated in increments of 1.0 m to a depth below 1 percent
of surface value.

The 1 percent l i g h t level (i.e. the depth at

which radiation equals 1 percent of the surface value) can then be
determined.

Data are reported in microei nstei ns«m~^. sec" '

For specific operating instructions, see instruction manual.
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APPENDIX
CONVERSION FACTORS FOR RADIATION MEASUREMENTS

Incident photon - flux density
1 microeinstein m~2 sec"'

1 micromol m~2 sec"'
quanta m -2 sec

6.02 x 1C

6.02 x 10 1 ? photons m'2 sec"
Irradi ance
1 watt m~2

= 1.433 x 10~3 ca] cm'2 min"'
= 1.433 x
langley min
= 0.100 mW cm -2

1000 erg cm"2 sec"1
5.285 x 10"3 BTU ft"2 min" 1
0.317 BTU ft~2 hr" 1
Radiant exposure
0.0860 cal cm

1 watt-hour m~2

_2

0.0860 langley
3600 joule m"2
3.600 x io6 erg cm'2
-2
0.317 BTU ft
1 1 l u m i nat ion

1 lux

= 1 lumen m

_o

= .0929 lumen ft

-2

= .0929 ft-candle
=

1 x ID'1* phot

Luminous exposure
1 lux-hr

= 3600 lux-sec
= 0.0929 ft-candle-hr

REFERENCES

Instruction manual for operation of LI-COR Model LI-188 Integrating
Quantum/Radiometer/Photometer. Brochure A-878. LI-COR, Inc.
Lincoln, Nebraska, U.S.A.
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Procedure for Assessing Water Transparency
Seech? depth measurements depend on- surface light and therefore, measure
light attenuation only in the surface waters. The transmissometer
has its own light source, which is unaffected by surface light;
therefore transparency can be measured at any depth.

Secchi depth

and transmissometer measurements of water transparency are not
directly comparable.
1. The secchi disk
The secchi disk is a flat white metal disk approximately 20 cm
in diameter which is suspended from a l i n e calibrated in 0.25meter increments. The measurement is conducted by lowering the
disk into the water on the shaded side of the boat. The depth
at which the disk just disappears is noted.

It is then raised

until it is just v i s i b l e and depth is again noted.
dure is repeated once or twice.

This proce-

Depths are then averaged, and

reported to the nearest 0.25 m.
2.

Transmissometer: Martek Model XMS
The transmissometer measures the transmission of light and its
degree of attenuation by both particulate and dissolved material.

The instrument has its own light source and sensor, with

a one-meter light path.

It is calibrated in air at each sampl-

ing site by setting percent transmission to 85.5% as directed
in the manual. The transmissometer is suspended from a cable,
calibrated in one-meter increments, and measurements are made
from the surface to within 0.5 m of bottom.

Data are reported

as percent transmission (0-100%). Accuracy is w i t h i n * 1.0 percent,

REFERENCES

instruction manual. Martek model XMS in situ Transmissometer. Martek
Instruments. Newport Beach, California, U.S.A.

